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A. TYPICAL MOON-CHILD 


Vigure 1 
Sipu Hermana de Augustino of Ailigandi is typical of 152 albinistic Moon-Children 
recorded among the Caribe-Cuna Indians of San Blas Province of Lower Panama. 





THE CARIBE CUNA MOON-CHILD AND 
ITS HEREDITY 


CrypeE E. 


URING the summers of 1950-51- 
52 I studied the albinistic Moon- 
children among the — primitive 
Carihbe-Cuna Indians of San Blas Prov- 
ince, Lower Panama, with special refer- 
ence to morphology, physiology, be- 
havior and heredity. These Cuna Indi- 
ans are noted not only for their big, 
golden nose rings, colorful appliqued cot- 
ton blouses, strange customs and uni- 
versal devil appeasement ceremonies, but 
also for the fact that they possess the 
highest incidence of albinism in_ the 
world. 

My studies were undertaken in order 
to determine whether or not the types 
of correlation that I had found to exist 
in fish, birds and mammals between cer- 
tain coat color mutations and trends of 
morphology, physiology and behavior, 
exist also in man. 

The Cuna Indians are an inbred peo- 
ple and hence possess a relatively uni- 
form residual heredity background suit- 
able for demonstrating well the pleio- 
tropic effects of a single gene substitu- 
tion. They have a great fear of outsiders, 
and a hatred for hybrids. When occa- 
sional alliances had been made in the 
16th, 17th and 1&th centuries, they mas- 
sacred the foreigners and their hybrid 
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children. The same thing happened 
again in 1925 when recent unions had 
taken place with Panamanians sent to 
police the towns that lie upon their palm- 
fringed atolls which skirt the Caribbean 
coast from east of Colon to well beyond 
the Colombian border. Ordinarily, no 
foreigner is permitted on these islands 
after sundown. 

By associating myself with a project 
to reduce the Cuna spoken language to 
phonetic writing, and having undertaken 
the publication of a phonetic primer, I 
gained status, and most of the Indians 
lost fear of me. Consequently, in 1951 
and again in 1952, I was permitted to 
visit nearly every inhabited Cuna island 
in company with the native Protestant 
Missionaries of Ailigandi, Mulatupu and 
Ustupo.# 

Aside from the propositi, several hun- 
dred other Moon-children appear in the 
pedigrees collected. 


Morphology 


Moon-child skin in general 
lacks all pigment. The complexion of Moon- 
children is whitish, pink, or florid. Its skin 
is horribly blistered by short exposures to 
sunshine to which it responds upon healing 
by producing scattered blotches that may be 
occasionally as large as three centimeters in 


At birth, the 


*Georgia State College for Women, Milledgeville. This paper is a brief account abstracted 
from a sixty-page manuscript of the same title awarded the research prize of the Association 
of Southeastern Biologists in 1952. The study was made possible by a grant-in-aid from the 
Rockefeller Foundation. 

+Alcibiades Iglesias, Peter Miller, Frank Wilbur, Atilio Rivera, Claudio Iglesias, Jaime 
Rodriguez, and José Perez have escorted me, served as interpreters, and helped me in ways 


John Mason, 


too numerous to mention. 


American 


Missionary, and James Davis, native, made 


it possible for me to visit the islands of the Mandinga Bay Area west of Nargana. 


In all, 152 Moon-children were identified. 


Most of them were examined in the large towns 


of Nargana, Tupili, Ailigandi, Ustuno, and Mulatuou. Sex, age, island of birth, island of migra 
tion and pedigrees of each Moon-child were procured as completely as possible. 


The towns in which Moon-children were recorded are as follows: 
Soledad (Mandinga), Ikwanna, Orrostup, Akwatup, Arritup, Tupeor, 


Narraskantup tummati, 
Nusatup, Naluneka, 


Upikantup, Rio Cedra (Urkanti), Mormakketup, Riasuka, Nargana (Yantup), Corazon de 


Jesus (Nusatup), Tigre (Achumikur), Tikantiki (Nusatup), Playon Chico 
Moron, Kanirtup), Makepkanti, Tunili, Ailigandi 


(Rio Okunsent, 


Mammitupu. Achutupu) Ustune Nontkanti, 


Sassarti, Mulatupu, Tuwala, Karet, Achukunu, Arkia, Pukro, Tapalisa, Sokopti, Morti, Wala, 


Pirea, Ikanti. (See Figure 4.) 
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EXCESSIVE GROWTH OF HAIR 


Figure 2 


Moon-children bear straight, white down on the forearms and limbs which by the age 
of nine years may measure as much as 24% cm. Fine hair is also present on the forehead and 
sides of the cheeks. 





> 
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diameter. Benign tumorous growths have been 
seen on several Moon-children and skin cancer 
is not uncommon. The skin becomes much 
wrinkled by ten years of age, especially on 
the back of the neck, a condition which in- 
creases with age. The skin, from the age of 
about 11% years, is covered with severe sores, 
due to infection of wounds, abrasions, and 
insect bites. The skin is rough and very dry. 
The lips exfoliate skin frequently, are en- 
larged and protrude. The tissues about the 
eyes often appear to be swollen. 

At birth, head hair of the Moon-child is 
usually white, changing in some individuals 
through tow, to a rich golden in youth, and 
even to light brown, or even reddish brown in 
middle life. Some Moon-child hair is red in 
infancy. The head hair appeared finer because 
it seemed to blow about in the breeze more 
freely than pigmented hair. Micrometer caliper 
readings showed this to be the case for both 
males and females. 

Although normal Cuna Indians are very 
smooth = skinned, the Moon-children bear 
straight, white down on their bodies which on 
the forearms and limbs may measure from 
one-half cm. to 2% em. in length by the age 
of nine years. This amazing, fine hair was 
found on the appendages of all specimens 
examined. Fine hair is often present on the 
forehead and sides of the cheeks, and even on 
the ears of one Moon-child. Beard hair devel- 
oping on three males is white. 

The eyes tend to be of the oriental type in 
which the eyelids are invisible when the eye 
is open, whereas this kind of eye appears to 
be less common among normal Cuna. 

Measurements of standing height were made 
for Moon-Children and controls of the same 
age and sex. Moon-children appear to be 
from about 2 to 7 cm. shorter than normal 
controls. Twenty-four Moon-child males aver- 
age .3 kg. less than their controls which can- 
not be considered to have significance. 

Head shape of Moon-children appears to be 
brachycephalic in a higher percentage than 
normal. No statistical data on this subject 
were collected, but in addition to my own 
observations the Indians themselves have re- 
marked about this apparent correlation. The 
facial angle apnears to be depressed by under- 
development of the maxillary bone about the 
nose. They favor a Caucasian face shape. 


Physiology 

Specific gravity of the urine has been taken 
for a few Moon-child boys, and these are 
remarkably low. The specific gravities of the 
Moon-children average 1.006 whereas the'r 
controls averaged 1.015. In fact, these Moon 
children show some of the lowest specific 
gravities ever recorded. 

Through the courtesy of Dr. H. Heinmets, 
ultraviolet spectrum analysis was made on two 
samples each of urine from two Moon-child 
hoys, (Placido and Galvis), taken in the morn 
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ing and evening, each controlled by samples 
from two normal-skinned Cuna boys of com 
parable age. The results show that in these 
Moon-children some substance is greatly re 
duced in amount or absent entirely, having a 
peak at about 280 millimicra. This is the 
position at which the steroid estrogens are 
located and, hence, may indicate a paucity of 
male sex hormone. This type of abnormal 
curve is similar to one obtained from the 
urine of an albino negro boy. 

Moon-children do not appear to have an 
incidence of tuberculosis above normal, but 
they almost constantly carry infections of the 
nose, head and throat. This fact may indicate 
that the general mechanism for producing 
antibodies is weak. 

Readings were taken with the manual dyna- 
mometer on Moon-children and controls for 
both males and females. The hand strength 
of Moon-children, both males and females, is 
reduced. 

The physical directors of four schools say 
that Moon-children, in general, lack endurance 
in physical contests. They seldom take part 
in athletic sports. They have a naturally slow 
gait and slow movements; because this lack 
of endurance is common knowledge, the town 
usually does not call upon them for heavy 
physical labor in community projects, and the 
house demands from them only the lightest of 
duties. 

Moon-children, according to the observation 
of Dr. Luis Prieto, are slow in developing 
sexually. Among the Moon-child females, 
menstruation begins later than in the normal 
the breasts are smaller in gen 
breasts were very small on the 
18-year-old Moon-child female that I was 
able to examine. Although they are usually 
fertile, Moon-child males are undersexed, and 
while tradition forbids them to marry, they 
never have been known to make advances or 
sex attacks as normal males would do under 
the restrictions of a rigid town government 
that makes prostitution practically impossible 
except in one or two of the some fifty Cuna 
towns. Indians have spoken to me regarding 
this lack of sex drive in Moon-child males 
which they say is one reason why brown Cuna 
girls do not want to marry them. This reduc 
tion in sex drive may be a correlate of the 
ultra-violet urinalysis picture for Moon-child 
boys mentioned above. The voices of Moon- 
children tend to be soft, and this is particularly 
noticeable in adult males—possibly another 
indication of sex-hormone deficiency. 


female, and 
eral. The 


Psychosomatic Behavior 


The mentality of Moon-children appears to 
be normal, and no less than 14 of them have 
competed in formal school classes. It is a com 
mon belief among the Cuna that since they are 
unable to compete physically. they strive that 
much harder to succeed intellectually. 

The chiefs of two large Cuna towns, Aili 





MOON-CHILD MOTHER AND HER MOON-CHILD DAUGHTER 


Figure 3 


This is the only case known in the whole Cuna tribe in which a Moon-child mother has 
given birth to a Moon-child. 
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gandi and Ustupo, as well as other residents, 
say that the Moon-children are stubborn and 
hot tempered. 

We have observed that Moon-children sel- 
dom smile, and when they do, it is usually 
quite feeble. Moon-children definitely lack 
facial expression. 

It is noteworthy that Moon-children do not 
want to associate with each other, and at the 
ages of 12 or 13 (when the Moon-child girls 
find their normally pigmented friends marry- 
ing and having babies, and Moon-child boys 
realize that they cannot compete physically 
with other boys) they often cease to associate 
freely with normals and become somewhat 
non-social. They may, however, let loose at 
parties. This tendency appears to be due to 
their feeling of inferiority. However, notwith- 
standing this tendency to solitude, Moon-chil- 
dren may have a strong, personal determina 
tion to succeed. For example, one Moon-child 
girl of twenty years, who had not had a day 
of schooling previously, persisted through three 
weeks of night classes until she had learned 
phonetic reading better than those normals 
who had four weeks’ training. A Moon-child 
boy of eleven years, finding that he could 
squeeze only eight kilos on the manual dyna- 
mometer, whereas his associates could squeeze 
twelve kilos, returned alone several times a day 
during four weeks, determined to better his 
record. Such persistence has allowed Moon- 
children to become leaders in their community 
in spite of their physical handicap. For exam- 
ple, Manauwikini and Maniotikinappi of Aili- 
gandi are both medicine men of good reputa- 
tion, and Manauwikini is official chica maker 
for several islands. Oliver of Ustupo knows 
the official six-day chant (absoket kantu) for 
exorcising community devils and is the ap- 
pointed absoketi (exorciser) for Ustupo. 


Heredity 

Tracing Caribe-Cuna pedigrees is a difficult 
task due to lack of written records and the fact 
that many Cuna lack names. No calendar is 
kept, and the Cuna have had no written lan- 
guage of their bwn. Birth dates are not re 
corded. To speak of a dead person may hinder 
the chances of his soul getting to heaven. 
rhus, the collection of Cuna pedigrees becomes 
a matter of ingenious questioning and great 
diplomacy. From the pedigrees collected, we 
may draw definite conclusions concerning (1) 
the mode of inheritance and (2) the penetrance 
of the Moon-child gene in simplex. 

Previously, the inheritance of the Moon 
child variation was obscure, its occurrence be 
ing considered as due to the segregation of a 
Nordic blond gene in one instance, and in 
another it was thought to be sex-linked. The 
best study, that of Harris,! concluded indefi- 
nitely that it was a recessive of some sort and 
due to one or more genes. Many Cuna believe 
that the variation is the result of diet or ma- 
ternal impressions caused by the mother-to-be 
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or the father-to-be having gazed too frequently 
at the moon or some white object during preg- 
nancy. 


Recessive Inheritance 


Ordinarily, Moon-children are forbidden to 
marry. However, old customs and codes have 
tended to break down recently, especially in 
Nargana, due to the impact of civilization 
from Colon and Panama City. As a result, 
several Moon-child women have married. Oth- 
ers have broken the chastity practiced by 
Moon-child women for centuries. These trends 
are so recent that previous observers (27 
years ago) had not been able to find any off 
spring of Moon-children. Due to this trend, 
however, we were able to record that thirteen 
Moon-child women have borne twenty-five 
normally pigmented children in addition to one 
Moon-child girl. 

Five Moon-child men have married, and all 
of them have families. The wife of one of 
these has given birth to two normally pig 
mented boys, but town gossips question their 
paternity. The other Moon-child men had a 
total of eight boys, and there seems to be no 
question as to their paternity. It is curious 
that boys only were produced, but this may be 
due to chance and does not affect our conclu 
sions. 

These data leave no doubt but that the 
Moon-child variation is a recessive of some 
sort, as Harris thought it to be, although 
Harris did not procure data that would decide 
of what sort. 


Autosomal Nature 


Our data permit us to go further. We may 
ask, is it sex-linked or autosomal? We have 
data that are decisive for settling that point. 
Ten Moon-child women gave birth to a total 
of 14 boys, all with pigmented skin. This 
proves that the Moon-child gene complex is 
not sex-linked, and therefore must be auto 
somal, because the sons of Moon-child women 
would all be Moon-children if the condition 
were a sex-linked recessive. 


Single Gene Substitution 


Data from the pedigrees are sufficient to 
decide whether the Moon-child variation is 
due to one or two mutant loci. The matings 
of normal normal in these pedigrees resulted 
in 285 children: 96 normal boys, 62 Moon-child 
boys, 72 normal girls, 52 Moon-child girls, 
and 3 normals of sex unknown. 

These data demonstrate the fact that Moon 
child boys and Moon-child girls occur in rela- 
tively equal numbers. In a segregating popu- 
lation of this size, on the basis of a single, 
recessive, mendelizing characteristic, 71.25 
Moon-children are expected. One hundred and 
twenty-four were found, or an excess of 52.75. 
The value of chi-square — 25.339. A devia- 
tion of this size from the ideal ratio due to 
chance alone would be expected in much less 
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than one percent of similar samples. The devi- 
ation, however, is in the direction expected in 
collecting pedigree data for a simple recessive, 
due to emphasis on the Moon-children. Be- 
cause of this disagreement with the expect 
ancy, we must adjust the data to conform with 
a consideration of the Hardy-Weinberg law. 
The expected proportion of recessives for 
each family size is obtained by use of the 
formula for the a priort method,* which is: 
“4 


1—(34)n 


where n the number of children in the 


family. 


No. children 
in family 


Observed Calculated 
Normal Albino Normal Albino 
11 9.427 
26 27.842 
41 43.829 
35 36.960 
20 20.875 
20 19.920 
io 3 11.556 
Total 166 103 170.409 
Observed 166.000 
Calculated from data 170.409 
Expected deviation (d) 4.409 7.709 
d2 19.439 59.429 
d2/e Bi 7d 577 
694 N’ : ] 


between .30 and .50 


12.573 
18.158 
24.871 
18.040 
9.125 
8.080 
4,444 
95.29] 
103.000 
95.29] 


x2 = 2 d2/e — 

P = 

Thus, the data agree closely with the ex 

pectancy on the basis of a simple, recessive 

character dependent upon a single gene sub 
stitution in duplex. 


Other Variations in Pigmentation 

Among the Cuna are found two other varia- 
tions of lighter color than the average Indian 
but quite distinct: from the Moon-child condi- 
tion. Some have attributed these variations, 
as well as the Moon-children, to European ad 
mixture. In fact, all three variations appear 
to be confused in the minds of some who ob- 
serve in them a graded series of pigment re- 
ductions from normal, through the lighter vari- 
ations, and the several grades of Moon-child 
modification to extremely albinistic forms with 
white hair and clear blue, highly sensitive 
eyes. Harris apparently fell into this error. 

The Indians recognize these shades, making 
a total of four in all, and Harris assigned ge- 
netic entities to each of them. The average 
Cuna Indian is a bit darker than R. R. Gates’ 
skin color No. 4, but not so dark as his No, 3. 
The light Indian is about the shade of No. 6. 
The very light Indian is about the color of 
No. 7. The Moon-child is white or light pink 
as in No. 9. All of the Indians appear to have 
a little more yellow in their skin than the 
shades given in Gates’ color chart. 


*T am grateful to Professor David C. Rife 


Blonds 


The Caribe-Cuna relate that about a cen 
tury ago, three ship-wrecked European sailors 
(one named Sheppard) were adopted into the 
tribe. These married Cuna women and had 
children. Their children were not killed, as 
has been the customary fate of Cuna hybrids. 
There were observed at Ailigandi and Mam 
mitupu several individuals of undisputed par- 
entage of different families possessing very 
fair skin, lighter than or about the shade of 
Gates’ color No. 7, with light hazel or greenish 
eyes. All these blonds have light hair but 
with none of the reddish brown that ts often 
present in Moon-child hair. At Achutupu sev 
eral members of one family have light hair, 
very fair skin and gray eyes. It appears defi 
nite that these segregations are not due to re 
cent hybridization, but they may have resulted 
as recombinations from crossing with blond 
Europeans during earlier times, and possibly 
they are descendants of the sailors mentioned 
above. Moon-children have not occurred in 
these particular families, and so it appears sate 
to conclude that these persons represent blond 
types comparable with those of Europeans 
rather than heterozygosity for the Moon-child 
variation. 


Heterozygosity for the Moon-Child Gene 


When we examine normal individuals in 
Moon-child pedigrees, we find that these fami 
lies may also contain persons of fairer com 
plexion than that of the average Indian, al 
though not so light as the light-haired blonds 
that we have just described. These are about 
the shade of Gates’ color No. 6 or lighter. 
There tends to be a yellowish cast to the com 
plexion of these persons, and they have dark 
eyes and black hair. 

What evidence do we have to support the 
idea that heterozygotes for the Moon-child 
variations are likely to be lighter in color than 
the normal Cuna Indian, especially in females ? 

An examination of three groups of individ 
uals can shed light upon this problem, namely : 

1. sibships that include albinos 
2. the parents of albinos 
3. the children of albinos 

Certain pedigrees are given in Figure 5 in 
which shade of pigmentation has been deter 
mined for most of the individuals represented. 
Matings: Is}, 2; 152,53; 1:4 5: 2:7. 8: 22 
23° S34). Os Osh, 2; Oe, 09. C18, 8 614 TS: 
7:1, 2; 7:11, 12; 8:9, 10, produced a total of 17 
normal males, 4 normal females, 12 light males, 
12 light females, 12 Moon-child males, 10 Moon 
child females. It will be seen that there is a 
paucity of females (29 pigmented males; 16 
pigmented females) where equality of num- 
bers is expected. However, of the pigmented 
males, 17 are normal and 12 are light. Of the 
females, 4 are normal and 12 light. Thus, 


for checking these calculations 
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there appears to be a tendency toward normal 
males and light females. 

Two-thirds of the pigmented males (that is, 
19.14) are expected to be heterozygotes. But 
only 12 are light, suggesting that not all het- 
erozygotes are light. 

If we examine the parents of albinos, we 
are dealing with a population of individuals 
all of whom are heterozygous. Individuals 
bea ce, Ot ei, eee 20; 329; 20; 574, Z, 3; 
5:14, 15; 6:14, 15 are thus, all heterozygotes. 
Of these there are four that are classed as nor- 
mally pigmented males, no normal females, 
five light males and eight light females. Here 
we see that all of the heterozygous females are 
light and that more heterozygous males are 
light than normally pigmented. 

It is true that the children of albinos are 
notoriously light complexioned. Such pig 
mented children are all heterozygotes. We 
have examined the children of a number of 
these albino parents. 

I have recorded the shade of the children of 
nine albinos. Their children may be classified 
as: 1 normally pigmented boy, 5 light boys, 
and 4 light girls. 

These three lines of evidence all indicate the 
same phenomenon, namely, that individuals 
heterozygous for the Moon-child gene tend to 
be lighter in pigmentation than are normal 
Indians. Practically all heterozygous females 
would appear to be light, whereas a certain 
percentage of heterozygous males will be clas 
sified by investigators as of normal Indian pig- 
mentation, 

Several explanations for the darker excep- 
tional males are possible. Time spent in the 
sun may account for a good portion of it, and 
yet we must not overlook the possibility of 
other factors. For example, slight hereditary 
diluations in pigmentation which of them 
selves are insignificant, may provide a back- 
ground on which the albino gene in simplex 
may produce noticeable effects. Such codpera 
tive effects are known in mice and rats. If 
the gene producing the insignificant variation 
and that producing the Moon-child variation 
happened to be allelic, such a lightening of the 
heterozygote would be very likely to occur, as 
seen in the albino alleles of mice and rabbits. 

Certain pigmented individuals in three pedi- 
grees (not shown in Figure 5) are recorded as 
being of this fair-skinned type. Examination 
of a fourth pedigree shows that normal, fair- 
skinned and Moon-children may be born to the 
same couples. Again, it was noted that often 
the parents of Moon-children are fair-skinned. 
Thus, we are led to suspect that the dark 
haired, fair-skinned individuals occurring in 
Moon-child families represent the Moon-child 
gene in simplex—but that its blond penetrance 
in simplex is something less than 100 percent. 

Tines Ismit, a little boy of Ailigandi, was 
definitely a Moon-child with nystagmatic eyes, 
but his skin took on a sallow tan and he 
showed less of the other tendencies character- 
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PEDIGREES OF THE MOON-CHILD 
CONDITION 

Figure 5 

the Moon-child 

Squares represent males, circles represent 

females, shaded symbols represent = Moon- 

children. Dash lines represent illegitimacy. 


Inheritance of Condition. 


istic of Moon-children. Investigation of his 
family revealed that his condition was prob 
ably due to a combination between the blond 
gene present at Achutupu and the Moon-child 
gene, 

One red-headed woman with dark eyes was 
found on Ustupo, but whether this gene is of 
Kuropean origin or represents a local muta- 
tion, it is impossible to say. 

The appearance of the Moon-child variation 
in nearly all island villages of the Cuna today 
suggests that the mutant gene was widely dis- 
tributed in the germplasm of the tribe before 
the dispersal of these groups—because there is 
little intermarriage between villages, and each 
village tends to inbreed. 

Migrations of the Moon-Child Gene 

It is known that during the seventeenth cen- 
tury the San Blas islands were as yet unoccu- 
pied. During buccaneering days the In- 
dians aided the pirates against the Spaniards. 
Following this, Cuna migration gradually took 
place from the mountains to the shore and out 
upon the islands. 

In order to study the problem of Moon- 
child gene migration, Indian visitors from the 
hostile mountain villages were questioned 
carefully about the occurrence of Moon-chil- 
dren in their villages. The results show that 
Moon-children are known to have appeared in 
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Ikanti, Pirea, Wala, Morti, Sokopti, and Tapa- 
lisa, while Marsh reported seeing a number of 
albinos back of Pukro. These are towns scat 
tered all along the Cuna trail on top of the 
Cordillera of San Blas, as will be seen from 
the tentative map that I have constructed 

Further inquiry revealed that there are at 
least seven commonly used trails leading from 
the mountain villages to the coast, by which 
Mountain Indians come down to visit relatives 
who migrated there years ago. 

Carti and Nargana, both towns segregating 
Moon-children, are connected by trails with 
Narkanti and Pirea in the mountains in which 
latter town Moon-children have occurred. 

An “easy” trail connects Tikantiki with 
Madunkanti in the mountains. Tikantiki has 
Moon-children. This is undoubtedly the trail 
used by Wafer, and he reported Moon-children 
ia the mountains in the 17th century. 

Ailigandi and Ustupo both have many Moon 
children. Both these coastal island towns are 
connected by trails with Wala, a mountain 
town that has produced Moon-children. As a 
matter of fact, it is known that Ailigandi was 
founded by people from Carti and from Wala, 
and hence the Moon-child gene probably came 
into this town by two routes. 

A trail leads from Morti in the mountains 
to Sassarti and Mulatupu which are close to 
gether. Both Morti and the extinct town of 
Sassarti have had Moon-children. Morti and 
Carti people founded Koetup. 

With the migration of the Cuna from these 
mountain villages to the coast the Moon-child 
gene came with them, 

The inhabitants of some islands 
member” from whence they came. (This may 
mean that they do not care to tell.) However, 
for certain other island towns, not mentioned 
above, the migration routes along the coast are 


“cannot re 


known. 

Because of the deadly malaria at the coastal 
Sassarti, the Indians moved out to 
Mulatupu, Tuwala, and Kupa 
found on 


town of 
the islands of 
Moon-children from this source are 
Mulatupu and Tuwala 

The most extensive migrations took plac« 
when Padre Gasso founded his Catholic mis 
sion at Nargana in 1907. Many Indians from 
Nargana fled from the “horrors” of Christian 
civilization, founding the towns. of 
Ukupa, Irkanti, Itirrkanti. Individ 
took refuge in various already 
towns that would receive them 
along the coast. Some refugees went as far as 
Arkia, Kuti, Kuiti, and Kaiman. Tigre, Ma 
kepkanti, and Arkia have Moon-children, as a 
result of this migration. 

Again, in 1924, during the Revolution, an- 
other migration took place although it was not 
as extensive as the 1907 shift of population. 


itv. and 
Tigre, 
al familie 
ual tamiiies 
established 


I do not know from whence the inhabitants 
of Karet and Machukuna came, but they are 
well within the area with which Balboa’s 
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Spanish colonists of Santa Maria de la Antigua 
were acquainted. Both these towns have Moon- 
children, although it is my opinion that the 
towns probably were founded in relatively re 
cent times. 

It would appear, then, that the facts favor 
an ancient origin, rather than a recent one. 
Possibly the mutation occurred in the Cuna 
stock that moved northwest from the Tarcar 
cuna mountain region of tribal origin shortly 
after that migration started. However, this 
possibility can only be tested by exploration 
into the several Cuna towns still existing in 
the high mountains of Darién, a region. still 
dangerous for the lone white man to enter, 
and yet reports say that albinos are present in 
the mountains of Darién. 

A plausible explanation of the time of origin 
of the Moon-child variation appears to be that 
of a mutation in pre-Cuna days. The native 
missionary, Alcibiades Iglesias, has visited 
among various North American tribes and of 
them all, he feels that the Winnebegos and 
Navajos most closely resemble his people, al 
though these tribes appear to be of mixed 
origin. While among the Navajos he felt as if 
he were among the Cuna, his own people. 
Again, the Cuna claim to*be related to Aztecs 
and Mayas. Curiously enough, albinism is 
found among the Aztecs and Navajos, and I 
have not been able to obtain records of Win- 
nebegos and Maya. 

If these peoples are related as they appear 
to be (although of mixed origin) and if al 
binism (the Moon-child variation) is present 
among several of these tribes, then it appears 
likely that a pre-tribal mutation to the albino 
producing form occurred in the pigment gene 
of one of the migrating stocks that gave rise 
to these several tribes 

In that connection it is interesting to note 
that the Chocos Indians whose territory has 
bordered upon that of the Cuna since earliest 
have never been known to have pro 


Moon-child. 
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*‘CREST’—A RARE VARIANT IN MICE 


Figure 6 


Male C57 Black mouse with a well-developed crest of light hair. 





‘CREST’ IN THE HOUSE MOUSE 


A Rare Variant in an Inbred Strain 


A. G. SEARLE* 
University College London 


NE of the many advantages of 

pure lines is that they allow one 

to show that the rare and spo- 
radic abnormality which does not segre- 
gate in Mendelian fashion, may never- 
theless be under genetic control. In an 
outbred population one can only assume, 
as a rule, that such a character is wholly 
due to some chance environmental event ; 
many identical twin studies in man show 
that some genetic factors are involved. 
Individuals within highly inbred strains 
are, apart from sex differences, almost 
as alike genetically as identical twins. 
Therefore if a rare variant turns up sev- 
eral times in a particular inbred strain, 
but is found nowhere else, one can be 
fairly certain that such a variant can 
appear only in individuals of a certain 
definite genotype. 

This is the situation in the character, 
‘crest,’ to be described here. The trait is 
characterized by a light-colored tuft or 
rosette sticking up in the center of the 
forehead (Figure 6). Four mice with 
‘crest’ have been observed in about 1500 
mice of the C57 Black strain (substrain 
C57BL./Gr), but none in the many other 
large stocks kept here. All four affected 
mice were male, so it may be a sex-lim- 
ited character. Crosses between the male 
shown in Figure 6 and females of the 
same substrain gave 28 normal F, off- 
spring and 53 Fye’s, one of which was 
‘crest... The character is clearly not due 
to a fully penetrant recessive; within 
the pure line its manifestation depends 
on non-genetic factors, apart, possibly, 
from influences of sex. Nevertheless, it 
cannot appear at all, apparently, unless 
a particular genotype is present. 

Under the tuft of hair the skin 
raised up in a prominence, soft to the 


is 
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abnormal foramen 
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frontals 


AN UNUSUAL FORAMEN 
Figure 7 


The area shown in the upper center of the 
inset picture of a mouse skull has been en 
larged to show the abnormal foramen found 
in the crest skull, compared with the normal 


condition, 


touch, consisting of a subcutaneous lump 
of well vascularised fatty tissue. In the 
male (Figure 6) a blood vessel passed 
from here down into the skull via the 
foramen shown in Figure 7. Just under 
neath this foramen is the junction of the 
transverse, superior sagittal and straight 
sinuses, which the vessel probably joined. 
In a second male with ‘crest’ there is a 
similar anomalous foramen, but it is 
somewhat further back than the first one 
and actually pierces the interparietal 
bone. In the other two males, however, 
there is no trace of foramen or blood- 
vessel, though all had a similar vascu- 
larised mass of adipose tissue under the 
crest. The crest hair follicles were not 
distributed evenly but were crowded 
mainly into the group shown in Figure 
9, where they seem to le deeper below 
the surface than in normal skin. No 
histological abnormality was found when 
the follicles were studied in more detail 
(Figure &). 


The author is grateful 
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CREST HAIR FOLLICLES 


Figure 8 


A cluster of apparently normal follicles, magnified 200 times. These are not spread evenly 


over the protuberance, but are crowded together mainly in one area. 


At first sight the light hairs of the tuft 
appear to be agouti, but with a white rather 
than yellow sub-apical band. But if individual 
hairs are mounted in glycerine or by Russell’s* 
method, it can be seen that the most prominent 
white bands occur in the long guard-hairs of 
the overfur (type A of Dry!). Dry! found 
that even in agouti mice these hairs do not 
have an agouti band. The crest guard-hairs 


have in fact a long apical region without 
medullary air-cells and with a pigment-free 
cortex, followed by a sub-apical region (shown 
in Figure 10) in which the medullary cells 
contain a few granules while the cortex is still 
devoid of pigment, except for a very few 
granules in the proximal part. These sub- 
apical granules are not so well-defined as nor- 
mal ones, but seem to be black, since they are 
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SECTION 


THROUGH RAISED AREA OF CREST 


Figure 9 


Associated with the crest is a protuberance, magnified 70 times here to show a 


of hair follicles embedded in fatty tissue 


unatfected by hydrolysis with ON HC1, which 
breaks down yellow pigment (Kaliss*). Proxt 
mal to the sub-apical region, numbers of corti 
cal and medullary granules increase, but pig- 
mentation does not become as dense as normal 
on the forehead. Normal black guard-hairs in 
this region are deeply pigmented right to the 
tip, neither do they have such a long apical 
region of solid cortex. But Dry! remarks that 
“on the lower part of the body of blacks the 
amount of pigment in the distal parts of the 
hairs is strikingly less in the larger overhairs, 
the feature becoming more marked ventrally.” 
When C57BL flank and belly guard-hairs were 
examined, it was found that them 
closely resemble those of the crest, with the 
same long unpigmented apical region, followed 
by a lightly pigmented proximal region (Fig- 
ure 10). 

The earliest age at which a crest has been 
seen is 25 days, so that the first hair genera- 
tion is probably affected. If this is so, and 


some of 


cluster 


since crest hairs differ from normals even at 
the extreme tip, it that the abnormal 
condition of the forehead giving rise to a crest 
must already exist between the I4th and 17th 
day of fetal life, at which time the follicles of 
guard-hairs develop (Falconer ef al.2). The 
main clues to the nature of these conditions 
are that (a) they are confined to a small but 
well-defined area on the forehead, (b) they 
lead to an accumulation of adipose tissue, (c) 
they cause a great reduction in pigment forma 
tion, similar to that found normally on the 
flanks, and (d) they may lead to the formation 
of an abnormal blood vessel running into the 
skull. But until a stock is obtained in which 
the condition is more common, so that its first 
manifestations can be studied, the crucial caus- 
ative factor must remain a matter for specu- 
lation. Possibly it is the detachment and extra 
cramial isolation of a fragment of undifferen- 
tiated brain tissue. In this connection it mav be 
significant that mice of this C57BL strain also 


seems 
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show a tendency to develop hydrocepMalus, 
with a frequency much the same as that of 
‘crest’ (Searle5). At all events it is clear that 
some original slight variation in a normal 
process has given rise to a number of pleio- 
tropic effects, each of which (the size of the 
crest, presence or absence of a foramen etc.) 
is itself variable, as might be expected. 


Summary 

In the rare variant ‘crest’ of the inbred 
strain C57BL/Gr a tuft of light-colored hair 
is found on the forehead, growing from a pro- 
tuberance composed of fatty tissue. There is 
much less pigment in these hairs than in ad- 
jacent normal ones, with none at all in the 
apical region. There may be an abnormal fora- 
men in the skull, through which a blood vessel 
passes. The manifestation of this anomaly 
within the strain seems to depend on non- 
genetic factors, but the ability to produce this 
variant depends on the genetic constitution. 
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DIFFERENCES IN HAIR 
PIGMENTATION 


Figure 10 


The sub-apical region of C57 Black guard- 
hairs, the normal type from the forehead be- 
ing deeply pigmented while that from the crest 
has only a few medullary granules. The hair 
from the flank lacks all pigment; the nuclei of 
medullary cells can be seen. 
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Historic Microscopes 


Dr. Morris C. Leikind, Chief, Historical 
Research Division, Medical Museum of the 
Armed Forces Institute of Pathology, offers 
reprints of a remarkable set of color illustra- 
tions of the microscopes of the Armed Forces 
Medical Museum. This reprint is a_ typo 
graphic gem, well worthy of display in_ bi- 


ology, genetics and cytology laboratories. 
While the supply lasts, Dr. Leikind offers to 
research laboratories two copies of the reprint 
suitable for framing. Requests should be ad- 
dressed to Dr. Leikind, Medical Museum of 
the Armed Forces Institute of Pathology, 
Washington 25, D. C. 
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STRIATE-VEIN CHARACTER IN 


LETTUCE 


THOMAS W. WHITAKER AND G. W. Boun* 


N 1944 several plants with a peculiar 
type of leaf venation appeared in one 
of our lettuce breeding lines (Figure 

11). The inbred line was derived from 
the variety cross Imperial A x Best 
Summer. Those varieties have moder- 
ately soft leaves with the normal venation 
pattern found in the New York and Im- 
perial varieties. Most of the plants in 
breeding lines derived from the cross 
are similar to Imperial 615 in plant type 
and leaf venation (Figure 12.1). The mu- 
tant, which we have named striate-vein, 
has hard, tough leaves with prominent, 
more or less parallel veins (Figure 127 ). 
The major veins extend from the leaf 
base to the margin with little branching 
and there are few cross veins connecting 
them. 

The mutant plants on selfing produce 
uniformly striate-vein progenies. The 
mutant may have some value as a novelty 
but the leaves are too tough for general 
table use. Observations during several 
years indicate that the mutant possesses 
some characters of economic importance 
such as good fold, resistance to tipburn, 
the slow-bolting habit, and a short stem 
at head maturity.!. Thus, the mutant has 
potential value in breeding work as a 
source of these characters. 

We crossed striate-vein and Imperial 
615, a widely adapted commercial va- 
riety, to learn something of the heredi 
tary nature of the character. 

Experimental Results 

Description.—Striate-vein plants are charac 
terized chiefly by the prominent veins extend- 
ing from leaf bases to the margins and by the 
few cross veins. The head-forming leaves are 
smoothly cup-shaped and enclose the younger 
leaves. In a longitudinal section of the head 
the width is considerably greater than the 
height, thus the heads are flat in appearance 
The wrapper leaves are spreading and do not 


enclose the head-forming leaves, so the head 
is exposed or “bald.” In general, striate-vein 
plants are weaker and vigorous than 
plants of the Imperial varieties. The striate 
vein plants are easily recognized from the 
rosette stage until they bolt by the distinctive 
leaf venation pattern and lighter green color 
as compared with plants of most commercial 
varieties 


less 


Imperial 615 has been described in several 
publications.?: 4 It is a cool weather type of 
head lettuce, dark green, with a comparatively 
large, spherical head. The head is nearly 
enclosed by the wrapper leaves and is barely 
bald. The fold is fair and the stem is moder 
ately long. The plants are inclined to bolt 
during warm weather. They are moderately 
resistant to tipburn. The major veins branch 
at intervals in the leaf blade and they are con- 
nected by numerous cross veins. This struc- 
ture produces a netted or non-striate venation 
pattern. 

Crosses.—Reciprocal crosses were made be- 
tween selected plants of Imperial 615 and a 
striate-vein inbred line. As we have pointed 
out!, the most satisfactory results are obtained 
in hybridizing lettuce when the pistillate parent 
has a recessive marker gene so that the Ff) 
hybrids can be easily detected. Imperial 615 
carried the known recessive gene for white 
pericarp color of the achene,*.4 whereas the 
striate-veln mutant was homozygous for the 
dominant gene for black pericarp color. In 
crosses in which Imperial 615 was used as the 
pistillate parent the F, hybrids had black 
achenes and the plants from self-pollinated 
flowers had white achenes. The F, hybrids 
were large, vigorous, and much like Imperial 
615 in appearance. They could not be dis- 
tinguished by leaf characters from the pistillate 
parent. However, they could be identified by 
their black seeds at flowering. 

The striate-vein character was recessive to 
normal venation and served as a_ seedling 
marker in progenies from crosses in which the 
triate-vein mutant was used as the pistillate 
parent. The F; hybrids produced true leaves 
with netted venation. The phenotypes could 
he identified by the appearance of the first true 
leaf, but they could be recognized more easily 
by vein patterns in the second or third true 
leaf. 

I, families from seven selfed F; 
were grown in flats in the greenhouse 


hybrids 
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STRIATE-VEIN LETTUCE 


Figure 11 


A field view of a 
the leaves. 


vidual plants were removed as soon as they 
could be identified to prevent crowding of the 
smaller plants. The segregation observed was 
in accord with the hypothesis that the striate 
vein condition is dependent upon a single re 
cessive gene (Table I). 

Fight Fs. families were grown in the field 
near Brawley, California and scored for vena- 
tion and seed color. The data are recorded in 
Table II. The individual I. families segregated 
netted-vein and striate-vein plants in_ ratios 
approximating a 3:1 ratio (Table II). How- 
ever, all but one of the families contained 
fewer striate-vein plants than expected. Con- 
sequenlty, the pooled chi-square indicated that 
the entire Fy, progeny deviated very signifi- 
cantly from the 3:1 ratio. 

I’, families from seven striate-vein F. plants 
were uniformly striate-vein. No netted-vein 
segregates occurred as would be expected if 


striate-vein lettuce plant. 


Note the more or less parallel venation of 


two genes were necessary to produce the char- 
acter. I, families from three netted-vein Fs 
selections were uniformly netted-vein. — Fs 
families from five netted-vein Fs selections 
segregated netted-vein and striate-vein plants 
TABLE I. Segregation of normal and striate vena- 


tion in F, seedlings from the cross Imperial 615 
Striate-vein mutant, grown in flats in the greenhouse 


Netted Striate 
(St) (et) 


Progeny Seeds Plants 


numbe 


21962 168 25 +3 
21963 107 ¢ 28 
21964 98 22 
21965 152 3 

21966 199 39 
21967 161 2 33 
21968 119 27 
Fotal 


1004 229 


Heterogeneity 


Pooled 
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IMPERIAL 615 


Striate-Vein Lettuce 


AND STRIATE-VEIN MUTANT 


Figure 12 


A—Portions of leaves of lettuce variety 


difference in vein patterns 


in ratios similar to those observed in Fe. The 
observed recessives were fewer than those ex- 
pected in a monohybrid segregation. 

It is believed that the discrepancies found 
in field grown progenies were caused by unin; 
tentional selection in favor of the more vigor? 
ous Imperial 615 phenotype at the time of 
thinning. When the plants are at approxi 
mately the 3 or 4 true-leaf stage of develop- 
ment they are thinned to distances of 12 to 


TABLE II. 


615 striate-vein 


Total 
Heterogeneity 
Poole 


*X3 significant ; 
+X? signit 


pla 


Segregation for venation pattern ard seed color in F 
mutant, 


Imperial 615; striate-vein mutant showing 


14 inches. Laborers who perform this opera 
tion are apt to select the most vigorous plant 
where a choice occurs and destroy the remain 
plants. For this reason the striate-vein 
would be at a. selective disadvantage 
because of lack of vigor. This tendency 
lect the more vigorous seedlings at thinning 
probably accounts for the deficiency of striate 
in both the F. and Fs progenies 
reasonable to conclude from 


ng 
plants 
to se 


vein plants 
It seems the 


families of lettuce from the cross Imperial 


grown in the field 


ri 
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data of Table I and Table II, and from tests 
of the Fs progenies, that the striate-vein char- 
acter in lettuce is differentiated from normal 
netted-vein plants by the action of a single re- 
cessive gene. The symbol st is suggested to 
desginate this gene, and St its normal allele. 

The dark pericarp color of the achene has 
been shown to be the expression of a single 
gene, H1’, which is dominant over the allele, w, 
that produces white pericarp®.6. A few of the 
plants scored for venation died without pro- 
ducing seeds. The remaining 416 plants segre- 
gated 298 with black achenes and 118 with 
white achenes. The chi-square test indicated 
that this did not differ significantly from the 
expected 3:1 ratio. Apparently the genes con- 
trolling achene color did not affect seedling 
viability or seedling vigor and they were not 
linked with such genes. 

Seven of the eight F. families scored for 
venation pattern and seed color segregated the 
four phenotypes in numbers expected if inde- 
pendent assortment prevailed. Family 21968 
differed significantly, and the pooled data dif- 
fered very significantly, from the 9:3:3:1 
ratio. Tests by Mather’s# formula indicated 
that the deviations were not caused by repul- 
sion phase linkage. Chi-square tests demon- 
strated that the plants within the striate-vein 
phenotype and those within the non-striate- 
vein phenotype were segregating for black 
achene and white achene in the 3:1 ratio. Se- 
lection against the striate-vein phenotype ap 
parently caused the significant deviation from 
the dihybrid ratio. F, families from five Fe 
selections segregated like the F. families. Evi 
dently venation pattern and pericarp color 

a 
TABLE III. Analysis of differences in leaf number 


and stem length of 10 striate-vein plants and 10 
Imperial 615 plants 


Leaf count Stem length 
(number ) (mm) 
Striate- te 
vein Imperial ei Imrerial 
Plant mutant 615 nt 61s 
34 37 35 $2 
38 39 34 44 
33 35 35 44 
32 3K 3 48 
33 42 3 49 
35 38 3 38 
32 46 32 54 
x 35 39 
9 35 41 
10 +4 40 


Mean 33.8 39.5 
Difference 
t 
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were controlled by single genes that segregated 
independently. 

The differences between the striate-vein 
lines and Imperial 615 were not confined to 
venation pattern and pericarp color. As shown 
by the data of Table III, counts of leaf num- 
ber at the mature-head stage indicated that 
one can expect to find, on the average, five or 
six more leaves per plant on Imperial 615 than 
on the striate-vein plants. With respect to 
stem length, plants of Imperial 615 had stems 
10 to 11 mm. longer than comparable plants 
of the striate-vein mutant. 

Leaf number and stem length are probably 
polygenic characters. Preliminary data from 
F; progenies suggest that the genes for leaf 
number may be closely linked with those dif- 
ferentiating vein pattern, while those for stem 
length may segregate independently. However, 
additional data will be required to establish 
the genetic mechanisms controlling these char- 
acters. 


Summary 

A peculiar type of leaf venation pattern, 
termed striate-vein, appeared in an inbred line 
of head lettuce in 1944. When this line was 
crossed with a variety having normal netted- 
vein leaves, the character was shown to depend 
upon a single recessive gene. In linkage tests 
striate-vein. was inherited independently of 
achene color. Plants of Imperial 615 (the 
netted-vein variety used in the crosses) had 
five or six more leaves per plant than plants 
of the striate-vein line. Likewise at the ma- 
ture head stage of development, plants of Im- 
perial 615 had a stem length approximately 
10 to 11 mm longer than comparable plants of 
the striate-vein mutant. 
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UNILATERAL DEFECTIVE FEATHERING 
IN A PUREBRED PULLET 


I 


N the spring of 1952 a purebred 

White Wyandotte chick, bred at the 

Agricultural Research Institute of 
Northern Ireland, was noted to have de- 
fective feathering on one side of its body. 
The flock in which it appeared was es- 
tablished in 1951, but has so far pro- 
duced no other case of faulty feathering 
of the type exhibited. The chick was 
hatched on March 26th and had a single 
comb, the parents being heterozygous 
for the Wyandotte rose-comb type (as 
are many other birds in the flock). At 
13 days of age it was recorded as “rap- 
id feathering” (1.e. recessive in the sex- 
linked series affecting early feathering 
rate) and at eight weeks of age, when the 
defect was noticed, it weighed 16. oz. 
(450 gm.), as compared with an aver- 
(680 


age in the flock of about 24 oz. 
gm.) for pullets of the same age. 
The bird was later transferred to the 


Poultry Research Center, Edinburgh, 
where the following details were record- 
ed when it had reached 17 weeks of age: 
weight, 46 0z. (1300 gin.) ; white female 
with yellow legs; odd feathers, in all 
areas, on both sides of the body, show- 
ing small specks of color which seemed 
to be made up of black and yellow tick- 
ings. The defective feathers were re- 
stricted to the left side of the mid line, 
and were most noticeable on the wing, 
tail and lower breast. The rectrices and 
remiges had a particularly frayed, bro- 
ken and ragged appearance, and the lat- 
erally asymmetric nature of the defect 
could be well demonstrated by fanning 
out the tail. Dorsally the effect is less 
marked; many left contour feathers ap- 
pear normal. On the right side of the 
keel the plumage is well grown and nor- 
mal but the left has a naked look due to 
the feathers failing to emerge properly 


S. S. BLytH AND R. W. HAce* 


from their sheaths, which are abnormal- 
ly long, rough and scaly. The feathers 
themselves do not look more than half 
grown, and seem to have had difficulty 
in penetrating the skin for there are 
raised lumps under some groups which 
show signs of forming sores. The state 
of the feathering on this area did not 
appear to have altered appreciably in 
the two months since the bird first ar- 
rived at the Center. The bird is kept in 
a battery cage and the droppings tray 
beneath is constantly whitened by the 
presence of much powdered and_ scaly 
keratinous debris suggesting a more con- 
tinuous process of sheath formation and 
sloughing than is normal. The scales on 
the left shank are also defective, being 
soft and ragzed at the edges so that they 
gather dirt and give the impression of 
different colors in the two legs. 

The defect gives the plumage a frayed 
appearance, and involves all parts of the 
feather, barbules, barbs and rachis to 
varving degrees. Affected parts are brit- 
tle, scaly, and may look swollen. Where 
only a few barbules are affected the 
flaws show as transparent spots on the 
web. In more extensive cases all the 
barbs may be affected, many of them 
broken off short, lying close to the rachis 
instead of spreading out as in a normal 
vane. This type of expression frequent- 
ly occurs unilaterally so that the feather 
is normally webbed on one side (right 
or left) and carries a rough fringe on 
the other ; on the breast some are fringed 
on one side and devoid of barbs on the 
other. 

The normal feathers of the right side 
also give the impression of being a little 
softer than usual, and ruffled vanes do 
not reknit readily. 

Reports of bilateral mosaicism in the fowl 


*Poultry Research Center, Edinburgh 9, Scotland, and Agricultural Research Institute, 
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UNILATERAL FEATHERING 


Figure 13 


The defective feathers of this female Wyandotte are restricted to the left side of the mid- 
line and are most noticeable on the wing, tail and lower breast. 


usually refer to birds of crossbred origin (Hol- 
lander,4, Crew and Munro*). It has been 
pointed out by Greenwood and. Blyth® that the 
genetic disturbances which give rise to them 
may occur with equal frequency in purebreds 
for it is less likely that they would be recog 
nizable there; loss of a chromosome, or part of 
one, could only be detected if it carried a gene 
of visible effect in the heterozygous state, or 
one in which the hemi- and homozygous ex- 
pressions differed. Thus in Hutt's® Barred 
Rock gynandromorph, the loss of an X-chro 
mosome on one side of the body could be in- 
ferred because barring is expressed different- 
ly according to whether one or, both of the 
genes producing it are present. Mutation could 
be identified in the purebred if it resulted in 
the exhibition of a color epistatic to the nor- 
mal one, but if it were recessive, the com 
plete absence of the type gene in the epidermal 
cells would be required to make it visible. 


The new trait which gave rise to the lateral 
asymmetry in this case bears considerable re- 
semblance to the inherited defects “stringy” 
(Buss et al.,!) and “sunsuit” (Hutt and Long®), 
both of which have been established as due to 
a single’ autosomal recessive. A detailed com- 


parison suggests that it closely corresponds 
to a moderate expression of the latter gene 
though neither the beak nor toenails show 
any overgrowth. This was not a_ constant 
feature of Hutt and Long’s birds, however, 
and it might still appear in this specimen at a 
more advanced age. On the other hand they 
do not mention any abnormality in the shank 
scales but this might be easily overlooked 
where both legs are alike. 

The breeding behavior of this bird has yet 
to be tested but even if the abnormality is 
heritable there is no certainty that it is repre- 
sented in the germ cells, since they are be- 
lieved to originate outside the body of the 
embryo (Willier™). If, however, it should 
prove to be due to an autosomal recessive as 
the presumptive evidence strongly suggests 
then the mutation must have arisen in the 
zygote itself or have been present in one of 
the gametes producing it. 
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MULTI-OVARY IN BARLEY 
A Mutant Induced by Atomic Bomb Irradiation 


C. C. Mou ann R. A. NILAN* 


(CONVERSION of stamens to pistils, or 
pistillody, has recently been reported by 
Kihara! in hybrids of Aegilops caudata 
Triticum vulgare. The florets of cegtain plants 
of these hybrids exhibited one to three con- 
verted stamens. However, only the true pistil 
was functional and no more than one seed per 
floret was produced. The phenomenon oc 
curred in late maturing plants and was thought 
to be governed by day-length. 

The present paper describes a somewhat 
similar mutant in barley (//ordewm vulgare L. 
var. Trebi) which was induced by atomic 
bomb irradiation at Bikini in 1946. 


Morphological Description 


The most unusual characteristic of this mu 
tant was its floral structure. Normally, a bar- 
lev floret has three stamens and one pistil 
(Figure 14/:). Most florets of the mutant, on 
the other hand, possessed no stamens but an 
increased number of pistils (Figure 14G,). Ob 
servation through a dissecting microscope re- 
vealed that frequently a large pistil consisted 
of many smaller ones which were closely at- 
tached. It was difficult, therefore, to ascertain 
the exact number of pistils per floret. 

Occasionally, a few florets possessed one or 
two normal stamens. In some florets deformed 
anthers were attached to the basal part of the 
ovary; in others, deformed anthers produced 
stigmata (Figure 14/°). These suggest that 


TABLE I. 


some of the excess ovaries arose from trans- 
formation of the stamens into pistils. Evi- 
dence for this is shown in Figure 14/7 which 
apparently is a transition form between a nor- 
mal (Figure 14/5) and a multi-ovary floret 
(Figure 140). 

The percentage of sterility was very high. 
This may have been due to a lack of stamens, 
incomplete development of the ovaries or a 
combination of both. Only 3.5 percent of 
548 bagged florets and 13.8 percent of 736 un- 
bagged florets set seeds under field conditions, 
Presumably, the higher percentage of the lat- 
ter was due to open pollination. 

The number of seeds per tloret of the mutant 
varied. Instead of a single seed per floret as 
in a normal plant, two or three seeds per 
floret were common (Figure 141), first row). 
“Twin” were also found (Figure 14D, 
second row). The seeds were very irregular 
in shape and usually had poor endosperm de- 
velopment. Most of the seeds were hulless, 
unlike the hulled seeds of the original Trebi 
variety, 


seeds 


Genetic Studies 


In selfed progeny tests, plants heterozygous 
for the mutant segregated in a ratio of 3 
normal : 1 mutant plant. When the mutant 
plants were used as females and were crossed 
with normal plants, the Fi plants were normal 
in appearance while in the Fy generation they 


The Observed and Calculated Frequencies of Normal and Mutant Plants Based on 3:1 Ratio 


in selfed and F. Populations 


Selfed progeni from 


Observed 
Ni 


Normal plant 288 273 
Mutant plant 76 91 
Total 364 364 
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NORMAL 


AND MUTANT BARLEY 


Figure 14 


A—Normal spike of barley (Var. Trebi). 
a normal plant. 
mal barley floret. /* 
stigmata growing from the anther. G 


segregated 3 normal:1 mutant plant. 
segregation data of selfed and hybrid popula- 
tions are presented in Table I. This evidence 
indicates that the mutant behaves as a simple 
recessive. Linkage data have not yet been ob- 
tained. Tentatively, a gene symbol, mo, is 
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D—Seeds from a mutant plant. 
-Deformed stamens and a pistil of a floret of a mutant plant. 
Multi-ovaries in a floret of a mutant plant. 


The 


B—Spike from a mutant plant. C—Seeds from 
/:—Three stamens and one pistil of a nor- 
Note the 


suggested for this mutant characterized by 
multi-ovary. 
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GENETIC DETERMINANTS OF HYPOXIA- 
INDUCED CONGENITAL ANOMALIES 


Turopore H. INGALLS, FrepERICK R. Avis, Francis J. CURLEY, 
AND Howarp M. TEMIN* 


PPRECIATION has gradually de- 
veloped in the course of the past 
century that the interplay of en- 

vironment and heredity commences long 
before the moment of birth and that both 
forces influence the expression of con- 
genital malformations in animals. Some 
workers have devoted their activity to 
the demonstration of genetic determi- 
nants of congenital defects whereas 
others have confined their attention to 
environmental teratogens. That there 
is a common meeting ground for both 
groups has been clear for many years to 
numerous pioneer workers.?: 7 14 1% 16. 


1. 20 Dunn and his co-workers,*® drawing , 


freely on the work of their predecessors, 
have formulated the modern conceptual 
scheme as follows: “the genetic consti- 
tution determines the thresholds of a re- 
action which is subject to alteration by 
minor or more or less random accidents 
early in development. Defects of a spe- 
cific type are therefore more likely to 
occur in certain genetic constitutions 
than in others.” During the past five 
years it has become possible in animal 
experiments to study quantitatively the 
nature of some of these random acci- 
dents in pregnancy by the use of con- 
trolled metabolic insults with dietary 
deficiencies,’ trypan blue,® hypoxia,!® 
and X-rays." '® A. series of soft tissue 
and bone deformities has been demon- 
strated with specific anomalies deter- 
mined not only by the injurious agents 
used, but by the developmental status of 
the embryo at the time injury occurs ;!! 


and the work of Fraser* shows that cor- 
tisone-induced cleft palate is more likely 
to occur in certain strains of rodents 
than in others. 

Previously reported experiments on 
the mouse gave definition to the variable 
effects of high altitude hypoxia of five 
hours duration during pregnancy. In 
this way embryonic susceptibility to a 
particular defect was investigated at daily 
intervals for the first 17 days of gesta- 
tion.!! Resulting defects were found to 
be related to the day selected for em- 
bryonic injury. For example, the ob- 
servations established that malforma- 


tions of the ribs and vertebrae frequently 
occurred after hypoxic stress of five 
hours duration on the 9th day and cleft 
palate after such stress on the 15th day 
of gestation. The present experiment is 


designed to evaluate the genetic contri- 
bution to such defects by comparing re- 
actions to hypoxia on these two days of 
gestation of five different inbred strains 
of mice of known genetic constitution. 


Materials and Methods 

The five inbred strains of mice used 
were A/Jax, C57BI./6, C57BR/cd, 
BALB/c Scott and DBA/1. These ani- 
mals were secured from the market sec- 
tion of the Jackson Memorial Labora- 
tory, and were maintained on the cus- 
tomary diet of Purina Fox Checkers® 
and water. Although the females were 
not sharply selected for age, most were 
young and virgin. The principle part 
of the experiment was done during the 


’ 


*From the Department of Epidemiology, Harvard University School of Public Health, 


3oston, Massachusetts; the Roscoe B. Jackson Memorial Laboratory, 
and the Department of Biology, St. Mark’s School, Southboro, Massachusetts. 


Sar Harbor, Maine; 
Aided in part 


by a grant from the Association for the Aid of Crippled Children, New York. 
Dr. Ingalls is Associate Professor of Epidemiology, Harvard University School of Public 


Health. 


Mr. Avis is Chairman of the Science Department, St. Mark’s School, Southboro and 


Director of the Pre-Collegiate Research Training Program, Jackson Memorial Laboratory, 
Bar Harbor. Mr. Curley is Senior Technician, Department of Epidemiology, Harvard University 


School of Public Health. 


185 





186 


summer months of July and August at 
Bar Harbor, Maine, but the need for 
significant numbers of control and 15th 
day test mice required extension of the 
investigation into the winter at South- 
boro, Massachusetts. The incidence of 
death and defect was usually much high- 
er in the winter than in the summer, 
suggesting a seasonal effect, but since 
all the data for 9th day test animals were 
assembled in the summer, it is impossible 
to evaluate the seasonal factor. Dis- 
parate results between winter and sum- 
mer studies are pointed out in the text, 
however, when death and disability rates 
for pooled data differ significantly from 
summer rates. 

The experimental procedures and ap- 
paratus were those previously employed 
by Ingalls, ef al."' Mated female mice 
were examined each morning for copula- 
tion plugs as an index that pregnancy 
had begun during the preceding night. 
Such females were removed from breed- 
ing boxes, and assigned to control or to 
test groups. Test mice were exposed to 
a simulated altitude of 27,000 feet for 
five hours during the afternoon of the 
9th or the 15th day of gestation by low- 
ering air pressure to 260 mm. of mercury 
within a ventilated chamber. Approxi- 
mately 15 minutes were taken to lower 
the pressure or to restore the pressure to 
normal, Control groups were maintained 
under ordinary laboratory conditions at 
sea level, 

On the 19th day of gestation, preg- 


TABLE I. 


Hypoxia 
by Day 
of Gestation 
(controls) 


Number of 
Strain Litters 
A/Jax (controls) 11 
9 9 

15 6 
(controls) 13 
12 

1§ 19 
(controls) 31 
9 24 

15 15 
(controls) 14 
« 6 

15 & 

DBA/I 44 
9 12 

17 

Totals 241 


CS7BL/6 


CS7BR/cd 


BALB/c Scott 
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nant mice were sacrificed and the uterine 
contents removed by laparatomy. Living 
fetuses were examined for ana- 
tomical defects as they were removed 
from the mother. The skeletal system 
was studied in detail using the Spalte- 
holtz method to clear tissues and stain 
hones. Kesorbing embryos were not 
suitable for such studies but were re- 
corded according to their location within 
the uterus to determine whether there 
were differences in survival between 
embryos of the right and left horns. 


o 7 
gre ISS 


Results 


Intrauterine Mortality. Table I summarizes 
the results of pregnancy in 128 test mice and 
in 113 control animals yielding in all 576 dead 
embryos and 1055 living fetuses. In control 
mice, prenatal mortality showed small varia- 
tions among strains, the average loss being 
about 30 percent of all conceptuses. The pre- 
natal mortality rate for mice exposed to re- 
duced oxygen on the 9th day of gestation was 
significantly higher in strains A/Jax, C57BR/cd 
and DBA/I than the rate in control mice; in 
mice of strains C57BL/6 and BALB/c Scott 
there was no significant change from the con- 
trol figure. Among mice submitted to stress 
on the 15th gestational day, strains C57BI./6, 
BALB/c Scott and DBA/I1 had higher intra 
uterine losses than the controls due to sub- 
stantial increases observed during the winter 
months. However, in strains A/Jax and 
C57BR/cd the rate remained at about the con- 
trol level. The distribution of the dead by left 
and right horns of the uterus did not vary sig- 
nificantly among strains or within strains. The 
results suggest that susceptibility of the devel- 
oping fetus to death by hypoxia at the level 
used, varies according to the strain of mice 
used, and according to the developmental stage 


Results of Pregnancy in 241 Mice by Strain and Day of Hypoxia 


Intrauterine 
Number of Mortality 
Living Fetuses Percent 


Number of 


Conceptuses 


73 5 25 
64 3 40 
39 21 
7 31 
75 29 
127 39 
217 30 

44 

30 

40 
9 


3 
5 
5 
3 
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UMBILICAL HERNIA 


Figure 15 


Umbilical hernia in 19 day old fetuses of strain DBA/I. The 


strain constitution clearly 


influences the expression of the defect induced by anoxic stress on either the 9th or 15th days 


ot pregnancy. 


of the fetus at the time oxygen tension is re 
duced. 

Congenital Anomalies. Table IT summarizes 
the results of examination for congenital anom 
alies in 545 fetuses of five inbred strains of 
mice subjected to reduced atmospheric pres 
sure on either the 9th or the 15th day of gesta 
tion. There were 217 malformed fetuses, or 
39.8 percent of the total examined. Of 267 
fetuses subjected to stress on the 9th day of 
development, 154 (57.9. percent) were mal 
formed in at least one important respect, 
whereas after hypoxia on the 15th day 63 (22.7 
percent) of 278 were visibly abnormal. Most 
of the defects in test groups were found oc- 
curring with greatly lessened frequencies in 
control populations with a total of 63 (124 
percent) of 510 fetuses being abnormal. The 
percentages of malformed fetuses as just pre 
sented are based on the results of gross exami 
nation of all 1055 living fetuses; and, further, 
on examination of approximately 80 percent 
of these fetuses for bony defects 

Umbilical Hernia, The incidence of umbilical 
hernia in 180 control fetuses of strain DBA/I1 
Malformations in 217 


TABLE II. 


Congenital 


day of 


of 545 Fetuses After Flypoxia on the 9th or the 


was 1.7 percent (Table II]). Exposure of this 
strain to low atmospheric pressure on the 9th 
day of gestation increased the incidence of the 
detect to 17.6 percent (in 34 fetuses) and on 
the 15th day to 14 percent (of 57 fetuses). 
ho check this phenomenon further a 5-hour, 
hypoxic insult was also administered to preg 
nant mice on the 8th and 10th days of gesta 
tion; one of ten fetuses and three of 23 fetuses 
subsequently delivered, were found to show 
this defect. The malformation varied from a 
small opening in) the abdominal wall from 
which a sac containing a single loop of gut 
protruded to an opening of such magnitude that 
intestines, liver and spleen were almost wholly 
outside the abdomen (Figure 15). Umbilical 
hernia occurred twice among 152 control fe 
tuses in strain C57BR/ed and once among 112 
fetuses subjected to hypoxic stress on the 9th 
day of intrauterine life 

Cranioschisis. examination of control fetuses 
of all five strains showed cranioschisis to o¢ 
cur only in two (BALB/c Scott) of the 510 
fetuses After hypoxia on the 9th 
pregnant mice of strains 


examined 
gestation 


15th 


Days of Gestation 


chisis 
Hare lip with Cleft 
Vertebral Defects 
Rik, Defects 
Combined Rib and 
rnal Defect 


STRAIN OF MICE 


CS7BR 
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FUSION OF CERVICAL AND THORACIC RIBS 
Figure 16 


-1—Fusion of cervical ribs after hypoxia of five hours duration on the 9th day of gesta- 


tion; B—control specimen. C 
of gestation. 


BALB/c Scott, C57BL/6 and C57BR/cl pro- 
duced (2, 2 and 3 respectively) 3.6 percent of 
195 fetuses with cranioschisis as compared 
with (2, 1 and 0) 1.6 percent of 190 fetuses 
after hypoxia on the 15th day and 0.7 percent 
of 275 pooled control fetuses from these three 
strains. No instance of the defect was en- 
countered during the summer among 679 con- 
trol and 15th day test fetuses. 

Micropthalmia. No control fetus of any 
strain manifested micropthalmia. The defect 
was observed, however, after hypoxia on the 
9th day of gestation in eight mice (15.1 per- 
cent of 53 fetuses examined) of — strain 
C57BL/6; six fetuses were unilaterally micro- 
phthalmic and two were bilaterally affected. 
Two of 78 fetuses had the defect unilaterally 
after hypoxia on the 15th day. Two strains 
manifested the defect after 15th day stress 
administered during the winter months; four 
of 23 fetuses in strain A/Jax; and one of ten 
fetuses in strain BALB/e Scott. 

Eyelids Open. A slit due to improper fusion 
of the eyelids was found in six (7.5 percent) 
of 80 C57BR/cd fetuses and in one. strain 
A/Jax fetus deprived of oxygen on the 15th 
day of intrauterine life. The defect may 
represent a lesser degree of open eye (ablation 
of the lids!?) which was observed once among 
control fetuses of all strains. Open eye oc- 
curred in two fetuses in each of strains A/Jax 
and BALB/c Scott after 9th day hypoxia; 
and in one fetus of strain A/Jax after 15th 
day stress. 

Subcutaneous Hemorrhages. About two per- 
cent of 510 control fetuses of the five inbred 
strains studied had areas of subcutaneous 
hemorrhage; after hypoxia on the 9th day 
the incidence increased moderately in three of 
the five strains tested; and after hypoxia on 
the 15th day of gestation definitely increased 
frequency of hemorrhage was observed which 


Fusion of thoracic ribs after hypoxic stress on the %th day 


was greatest in strains C57BR/cd, C57BL/6 
and BALB/c Scott (Table IV). Strain dif- 
ferences in susceptibility to subcutaneous 
hemorrhage during prenatal life are indicated. 

Harelip with Cleft Palate. This defect was 
found to occur in seven (12.7 percent) of 55 
control fetuses of strain A/Jax. Its incidence 
in progeny of Strain A/Jax mothers exposed 
to reduced atmospheric pressure on the 9th 
day of gestation was 10.5 percent (four of 38 
fetuses) ; after hypoxic stress on the 15th day 
of gestation it was 19.4 percent (six of 31 
fetuses). The clefts always involved the 
palate and lip, and more often than not the 
harelip was bilateral. In the other four strains 
examined, only one female (BALB/c Scott) 
exposed to low pressure on the 15th day— 
produced an offspring having harelip (uni- 
lateral). The natural and inherited tendency 
of strain A/Jax mice to produce offspring 
with cleft palate is well known, and Fraser and 
Fainstat? have shown that the incidence of 
the defect in this strain is increased after corti- 
sone administration and that in other strains 
it further varies with the genetic constitution 
of treated mice. In the present study it is of 
interest that the highest incidence of the de- 
fect was observed among progeny of animals 
submitted to hypoxic stress on the 15th day 
of gestation. 

Malformations of Vertebrae and Ribs. About 
81 percent of the total living fetuses shown 
in Table I were examined for skeletal mal- 
formations (Table V). Anomalous vertebrae 
or ribs (Figure 16) were found in control mice 
of all five strains, the incidence of such defect 
varying from one percent in strains C57BR/cd 
and DBA/1 to 3, 6 and 18 percent respective 
ly in strains A/Jax, C57BL/6 and BALB/c 
Scott. After maternal hypoxia on the 9th 
day of gestation, the incidence of such rib and 
vertebral malformations (Figure 17) was 
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markedly higher than that observed in control 
fetuses for all strains except BALB/c Scott. 
In this strain the relatively high control figure 
(18 percent) varied little from that found after 
hypoxia on either the 9th or 15th days of 
gestation. Of the four other strains subjected 
to hypoxia on the 15th day C57BL/6 alone 
showed a significantly higher incidence of bony 
defects as compared with controls; the in- 
crease resulted when the high winter rate 
(71 percent of 14 fetuses) was pooled with 
the low summer rates (five percent of 59 fe- 
tuses). It is concluded that the increased in- 
cidence of bony anomalies after 9th day hy- 


TABLE III. Umbilical Hernia in Strains DBA/1 
and C57BR/cd Mice by Day of Hypoxia 


Number 
of Fetuses 
Having Hernia 


Number 
of Fetuses 
Examined 


Hypoxia by 
Day of 


Strain Gestation 


(controls) 180 3 (1.7% 
DBA/1 9th 34 6 (17.6%) 
g ( 


15th 57 14.0%) 


(controls) 152 2 (1.3%) 
9th 1 (0.9%) 


CS7BR/cd 
1Sth (0.0%) 


poxia in strains A/Jax, C57BL/6, DBA/I1 
and C57BR/cd is an expression of genetic 
factors interacting with a known environ- 
mental stress. 

Numerical Variations in Ribs and V ertebrae 
The number of ossified ribs and transverse 
processes of cervical and thoracic vertebrae 
were counted in 853 fetuses in all five strains 
of mice. A/Jax, C57BL/6, C57BR/cd and 
DBA/I1 control fetuses shared a common basic 
developmental pattern of seven cervical verte- 
brae and 13 thoracic vertebrae and ribs; but 
BALB/c Scott fetuses differed from the others 
by having 14 thoracic vertebrae and pairs of 
ribs (Table V). Many fetuses of the first 
four strains showed variations from the normal 


TABLE IV. Percentage of Fetuses Having Subcu- 
taneous Hemorrhages by Day of Hypoxia and Strain 
of Mice 
Hypoxia by STRAIN OF MICE 
Day of 
Gestation A/Jax CS7BL/6 CS7BR/cd BALB/c Scott DBA/1I 
(controls) 1.6 4.7 
9th 6.7 0.0 
15th 12.5 7.0 
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skeletal pattern due to addition or subtraction 
of ribs or vertebrae aiter hypoxia on the 9th 
day of gestation, but such variations occurred 
only in strain C57BL/6 after hypoxia on the 
15th day (Figure 19). Unlike the other strains, 
BALB/c Scott produced more fetuses at vari- 
ance with its basic skeletal pattern of seven 
cervical and 14 thoracic vertebrae and_ ribs 
(found in 18 percent of control fetuses) after 
hypoxia on the 15th day (47 percent) than 
after like stress on the 9th day (24 percent). 
The five strains of mice studied for deviations 
from the basic pattern of vertebrae and _ ribs 
fall into three distinct groups after being 
subjected to hypoxia: DBA/1, A/Jax and 
C57BR/cd fetuses were affected only by stress 
applied on the 9th day of gestation, and even 
then there was substantial strain difference 
observed in rate of defect; C57BL/6 fetuses 
were affected on both the 9th and 15th days 
but somewhat more often on the 9th day; 
and finally BALB/c Scott fetuses with a 
skeletal type basically different from the other 
strains had more fetuses at variance with the 
controls after stress on the 15th day than on 
the 9th day. 


Defects of the Sternum. Many fetuses in all 
five strains of mice studied had malformations 
of the sternum manifested by absence of ossi- 
fication centers, distortions of centers and to 
a lesser extent, by formation of extra bodies. 
The occurrence of such detects in control 
fetuses was marked by a pronounced strain 
variation with incidences ranging from 0 in 
C57BL/6 mice to a relatively high 29 percent 
in C57BR/ed mice (Figure 18). In all strains 
of mice subjected to low pressure on the 9th 
day of gestation, the incidence of sternal de 
fects was markedly higher than it was in the 
controls, whereas, after low pressure on the 
15th day there was comparatively little in- 
crease over the control figure except during 
the winter in strain A/Jax. This strain had 
a rate of 13 percent of fetuses with sternal 
defects compared to a rate of three percent in 
summertime controls. The defect in 25 per- 
cent of the C57BR/cd control fetuses was in 
the xiphoid bone where one or more extra 
ossification centers were found, a condition 
rarely seen in other control animals. It is 
interesting that in C57BR/cd_ fetuses such 
ossification centers were found about as fre- 
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quently in the 9th day experimental group (27 
percent of fetuses examined) as among con- 
trols, but in only 1.3 percent of fetuses in the 
15th day group. Here, the indication is that 
hypoxia on the 15th day suppressed develop 
ment of an inherited skeletal defect. However, 
the usual finding in the sternum after hypoxia 
on the 15th day differed little from that ob- 
served in control animals. 


Discussion 


An important period of organogenesis is 
already underway on the 9th day of intrau- 
terine life, the period selected for the first 
hypoxic insult. On the 9th day of gestation 
the mouse embryo of around 10-20 somites 
turns on its side!, the neural fold is closing 
and preliminary differentiation of mesodermal 
blocks is occurring. The second period when 
the embryo was: subjected to intrauterine 
stress, the 15th day of intrauterine life, is a 
time when definition of fetal structure is rela- 


tively complete except for closure of the palate 
and the abdomen; and differentiation. of cer 
tain structures such as the eyelids and retinal 
layers. 

On the 9th day of intrauterine life, hypoxic 
stress caused various malformations in both 
soft tissues and bony structures, particularly 
the axial skeleton in fetuses of all 
tested. However, a pronounced 
strain variation was observed with the order 
of susceptibility to rib and vertebral defects 
being A/Jax, C57BL/6, DBA/1 and C57BR/ 
cd. BALB/c Scott fetuses, however, showed 
no differences between test and control fetuses 
in respect to rib and vertebral anomalies. The 
incidence in C57BR/cd fetuses (31 percent) 
was about equal to that (35 percent) observed 
in an inbred colony of albino mice after hy- 
poxic stress in earlier experiments.1! The 
other three strains were much more susceptible 
to such skeletal defects than C57BR/cd but 
were not very different from each other in this 


those of 
five strains 
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respect. Fusions and reductions in size or ab- 
sence of ribs and vertebrae were common oc- 
currences; hemivertebrae or split centra were 
frequently seen. These defects are interpreted 
as an end product of exposure to hypoxia with 
their genesis in retarded development and dif- 
ferentiation of primordial blocks of mesen- 
chyme. Herrmann * has shown that injuries 
to differentiating somites in chicks can be se- 
lectively induced by chemical agents; the pre- 
sumption is that irregular ossification as ob- 
served in the mouse results from injury of 
vertebral somites on the 9th day of intrauterine 
life. A similar mechanism would also explain 
the doubling seen in some vertebrae and ribs. 
Manifestations of hypoxic injury to ribs and 
vertebrae primordia were also indicated by in- 
creased variability in skeletal patterns of test 
fetuses when compared with controls. For ex- 
ample, Green® has shown that the number of 
presacral vertebrae and ribs is constant in 
inbred strains of mice or varies with a constant 
frequency. Fetuses in four of the five strains 
studied here had seven cervical vertebrae and 
13 thoracic vertebrae and pairs of ribs. Hy- 
poxia on the 9th day of gestation altered that 
pattern, usually by decreasing the number of 
elements in strains DDBA/1, A/Jax and 
C57BL/6 in that order, and usually by in- 
creasing the number in’strain C57BR/cd. Dis- 
turbed differentiation causing either loss or 
doubling of bony structures could account for 
this variability but strain differences are never- 
theless indicated. The fifth strain studied— 
BALB/c Scott—differs basically from the 
other four strains by having 14 thoracic verte- 
brae and pairs of ribs with 18 percent of fetuses 
at variance. Little change resulted after hy- 
poxia on the 9th day of gestation, this strain 
being unique among the groups tested in that 
it manifested a relatively high “normal” inci- 
dence of rib and vertebral anomalies which 
was not altered by hypoxic stress. 
Abnormalities of the sternum were induced 
by hypoxic stress on the 9th day of gestation 
in all five strains of mice with the order of 


TABLE V. Number of Fetuses Varying from the Basic 


Strain 


Hypoxia by Day 
of Gestation 


Strain of 
Mice 


(controls) 
9th 
1Sth 
(controls) 
9th 
1Sth: 
(controls) 
9th 
1Sth 


(controls) 
9th 


A/Jax 


CS7BL/6 


CS7BR/cd 1 


BALB/c Scott 


1Sth 
(controls) 

9th 

1Sth 


DBA/I 1 


*Numerator = number of cervical vertebrae; dencminator 


Number of Fetuses 
Examined 


of Heredity 


strain susceptibility being DBA/1, C57BR/cd, 
BALB/c Scott, A/Jax and CS57BL/6. The 
most interesting of these defects was disar- 
rangement of normally paired (parallel) ossi- 
fication centers so that one was mislocated 
above or below the other. The frequent occur- 
rence of extra ossification centers in the 
xiphoid area of the sternum in C57BR/cd con- 
trol fetuses warrants future study because the 
incidence of the defect (25 and 27 percent, re- 
spectively, in control and 9th day test animals ) 
was not altered by hypoxia on the 9th day, 
whereas, on the 15th day the defect was rarely 
seen—in only 1.3 percent of test animals. This 
is the only instance encountered where hypoxic 
stress appeared to decrease, rather than in- 
crease, expression of an inherited anomaly. 

Another example of strain variation in sus- 
ceptibility of the fetus to injury by hypoxic 
stress is presented by the finding that hypoxia 
on the 9th day of gestation caused cranioschisis 
in fetuses of strains BALB/c Scott, C57BL/6 
and C57BR/cd, but not in DBA/1 and A/Jax. 
That the rodent fetus at about the 9th day of 
intrauterine life is embryologically predisposed 
to such defect has been clearly demonstrated 
in earlier experiments in which pregnant fe- 
males were subjected to hypoxia! 1! and 
irradiation!3 at this period of development. 
Such fetuses with cranioschisis were usually 
associated with hydramnios, and it is pertinent 
also to point out that Russell!® describing 
“pseudencephaly” in an offspring of an irradi- 
ated C57BL mother mentioned the presence 
of a swollen amnion containing bloody amniotic 
fluid. 

The occurrence of umbilical hernia only in 
DBA/I1 and C57BR/cd mice presents an inter- 
esting example of natural susceptibility of both 
strains to the same defect coupled with meas- 
urable differences in strain response to en- 
vironmental stress. In DBA/1 the genetic 
endowment was such that the incidence of 
umbilical hernia could be significantly in- 
creased by hypoxic stress during much of the 
second week of gestation, whereas, the same 
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stress had no influence on ocurrence of um- 
bilical hernia in the C57BR/ed strain. 

Hypoxic stress on the 15th day of intra- 
uterine life did not increase the incidence of 
naturally occurring skeletal anomalies in any 
intelligible pattern although some strain varia- 
tion in the outcome after 15th day hypoxia is 
suggested by a moderately increased occurrence 
of rib and vertebral defects in C57BL/6, 
change in basic skeletal type—notably in 
BALB/c Scott—and sternal defects observed 
in A/Jax. However, the possibility has been 
raised that environmental influences not  en- 
countered on the 9th day (or on the 15th 
day in the principle part of these experiments), 
rather than hypoxic stress, may have caused 
such variations from usual findings in other 
strains. 

It was anticipated that cleft palate might 
subsequently be observed after hypoxic stress 
on the 15th day, particularly in the A/Jax 
strain in which harelip and alveolar cleavage 
of the palate are known to occurr naturally in 
some ten to twenty percent of the young. Pre- 
vious studies had revealed a different appear- 
ing median line cleft palate unassociated with 
harelip to be determined on the 15th day fol- 
lowing exposure to negative pressure of 27,000 
feet for five hours in about 13 percent of fetuses 
in albino mice studied at the Harvard School 
of Public Health. No such defects were ob- 
served in the present experiment. Since cleft 
palate has been induced by cortisone? in two 
of the five strains tested, failure to produce 
cleft palate in these experiments cannot be 
attributed to genetic resistance. On the other 
hand, the possibility exists that the critical 
period necessary for the production of cleft 
palate may have passed—that is, fusion of the 
palatine processes may have already occurred 
in the five strains tested here on the 15th day 
of gestation. 

In early genetic studies of the varying inci- 
dence of congenital anomalies in rodents, the 
accessory role of environmental accidents in 
their production was not generally stabilized. 
On the other hand, in more recent studies of 
teratogenic agents, environmental, develop- 
mental and genetic factors have not been stabi- 
lized and separately analyzed. In the present 
investigation these three elements have been 
regulated and each is clearly revealed to play 
a significant role. The interplay between ge- 
netic endowment and the maternal environment 
is revealed to operate throughout prenatal de- 
velopment and is exemplified by umbilical 
hernia in the DBA strain. 

Umbilical hernia was observed to occur 
spontaneously in 1.7 percent of 180° fetuses 
born to females of the DBA/I strain. After hy 
poxic stress on the 9th day the percentage 
incidence rose to 17.6 percent of 34 fetuses 
and remained as high as 14 percent of 57 
fetuses after anoxic stress on the 15th day of 
gestation, a day or two before the abdomen 
closes. It is of interest that the period critical 
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for the defect is to be measured by a span that 
more closely approximates a week than a day. 
This is believed to embody a principle funda- 
mental to an understanding of the genesis of 
congenital malformations. The conclusion is 
drawn that although the critical period for 
some defects such as fused ribs or cleft palate 
is short and of the order of a day more or less, 
the critical period for others such as umbilical 
hernia and assuredly hydrocephalus is much 
longer. 

In general the abnormalities observed in 
these experiments are consistent with a con- 
ception that congenital anomalies fall into two 
main classes, some being common to the species 
and others being highly restricted to selected 
strains. Bony anomalies were induced in four 
of the five strains under a single set of en- 
vironmental circumstances while umbilical 
hernia could only be induced in one, the 
DBA/I strain. The genetic contribution of the 
strain is what would be expected from the ex- 
tensive observations made by earlier investiga- 
tors, the difference between inbred strains be 
ing primarily a matter of a difference in 
potentiality for development under specific en 
vironmental conditions. Oxygen deficiency 
selectively operates in the direction of oppos 
ing normal development of the fetus but with- 
out changing relative potentialities of the 
strain; thus defects which occasionally appear 
under natural conditions in a specific strain 
were increased in their incidence by hypoxic 
stress. 

Summary 


The effects on the development of the em- 
bryos of a 5-hour exposure to high altitude 
hypoxia on the 9th and 15th day of ges 
tation were investigated for A/Jax, C57BI./6, 
C57BR/cd, BALB/c Scott and DBA/I strains 
of mice. Various congenital defects such as 
umbilical hernia, cranioschisis, malformed ribs 
and vertebrae occurred after stress on the 9th 
day of gestation; and following hypoxia on 
the 15th day an increased incidence of umbilical 
hernia and ocular defects. The strain constitu 
tion clearly influenced the expression of the 
induced anomaly, the principle being exempli 
fied in the occurrence of umbilical hernia only 
in a significant proportion of the unborn young 
of a single strain—DBA/1 females—submitted 
to stress on either the 9th or 15th days of 
pregnancy. The nature of the genetic contribu- 
tion to the acquired anomaly is discussed 
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Homologous Mutations Affecting Eye Color in White Plymouth Rocks 


ARREN? reported the occurrence of a 
recessive pinkeye in White Plymouth 
Rocks obtained from Colorado. This mutation 
“showed the same transparent pink eye ex- 
hibited by the albino chicks,” and black pig- 
ment of the feathers was diluted. Roberts, et 
al! reported a recessive mutation affecting 
pigmentation of the eye in the same _ breed 
obtained from Illinois. This mutation was 
called “red-eye” because of its rather dark 
appearance—darker than the pink eyed condi- 
tion in albinos of other species with which the 
authors were familiar—and also because in the 
rat two mutations have been found, one called 
pink-eye and the other red-eye. Both of these 
genes dilute hair pigment but the effects on 
eye color are quite different. 
To obtain information as to whether the 
mutations in the two White Plymouth Rock 


stocks were the same or different, a cross of 
the “red-eye” and “pink-eye” birds was made. 
Forty-six F; chicks were obtained all of which 
had reduced pigment in the eye. The eye con- 
dition in both stocks was apparently caused 
by the same gene. If different genes had been 
involved, dark eyes would have been expected 
in the F; progeny. 

EK. Roperts and 

C. D. MUELLER 
University of Illinois and 


: Kansas State College 
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INTERSPECIFIC AND INTERGENERIC 
HYBRIDS OF FESTUCA AND LOLIUM 


Loy V. Crowper* 


ALL fescue grass (Festuca arun- 
dinacea Schreb.) is well adapted to 
most of the southeastern United 
States, and is used to provide winter 
grazing. However, it lacks certain de- 
sirable agronomic characteristics and is 
low in nutritive value. Lolium mutlti- 
florum am. thrives well and is more 
nutritious, but being an annual is not 
especially desirable for hay or grazing. 
I’. elatior L.. and L. perenne i.. are not 
well adapted, but possess specific quali- 
ties which are desirable. If desirable 
characters from the three latter species 
could be incorporated into tall fescue, a 
more valuable forage and pasture crop 
might be obtained. That such a transfer 
may be feasible has been indicated by 
work reported previously.* 1 
Swayne published a treatise in 1790 
suggesting that Festuca Loliacea might 
he of hybrid origin (Jenkins*). MeAl- 
pine! discussed Garton’s attempts to 
hybridize Festuca and Lolium in 1893 
and presented seed head drawings of 
such progenies. Holmberg? and Wink- 
ler'S described natural hybrids of types 
ranging from fescue to ryegrass-like. 
A large number of plants were consid- 
ered by Bulasévic,* to be hybrids but 
he offered no morphological or cyto- 
logical descriptions. Successful interspe- 
cific and intergeneric reciprocal crosses 
were made by Jenkins* who gave a gen- 
eral description of Fy and backcross 
plants. Nilsson’? reported the occurrence 
of natural /’. elatior-F’. arundinacea hy- 
brids and produced them artificially by 
using meadow fescue as the pistillate 
parent. Myers and Hill'* obtained seed 
from meadow fescue plants but not from 
tall fescue plants when panicles were 
bagged together. 
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Peto! examined several /’. elatior & 
L. perenne Fy plants and observed regu- 
lar seven bivalent synapsis, but irregu- 
larity existed among backcross progenies. 
Observation of Ff. arundinacea & L. 
perenne progenies showed pairing be- 
tween Festuca and Lolium chromosomes 
and among /estuca chromosomes. Bi- 
valents, multivalents, and unpaired chro- 
mosomes were seen at metaphase I. De- 


generation processes occurred, resulting 


in male sterility of the Fy. Nilsson 
reported that Fy plants of /*. elatior X 
I’. arundinacea were cytologically irregu- 
lar, but had chromosomes which paired 
largely as 71; with 14,. Such plants were 
found by Myers and Hill'* to be more 
unstable meiotically, with bivalents, mul- 
tivalents, and univalents being present. 
Because of instabilities most Fy, plants 
were male sterile, but Jenkins* and Nils- 
have obtained Fs and 
plants which possessed fertility. 
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Materials and Methods 


Randomly selected plants of 1’. arun- 
dinacea Schreb. (2n = 42), F. elatior L. 
(2n 14), L. perenne L. (2n 14), 
L. multiflorum Lam. (2n 14), and 
L. multiforum var. diminutum Mutel 
(2n 14) were crossed reciprocally in 
all combinations. Since the species did 
not flower regularly, crosses were made 
when plants flowered concurrently. All 
but two or three lower florets of a spike- 
let were removed and anthers emascu- 
lated prior to anthesis. Daily pollinations 
were performed by hand until all stigmas 
had been exserted. Periodic examina- 
tion of caryopses revealed poor endo- 
sperm development, and when seeds be- 
gan to collapse, embryos were excised 
under aspetic conditions and placed on 
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INFLORESCENSES OF FESTUCA—LOLIUM DERIVATIVES 


Figure 20 


variation of 
arundinacea and L. 


Range in 
and right are /’, 
IF’. arundinacea 
multifiorum., 


a nutrient agar in small bottles (Ran- 
dolph and Cox'®). Collapsed caryopses 
were also allowed to mature on the plant 
and germinated on filter paper in Petri 
dishes. If seedlings developed, they 
were removed to clay pots in the green- 
house where they grew under a long 
day environment. 

Inflorescences which appeared were 
collected and fixed in a modified Car- 
noy’s solution containing a 3:2:1 mix- 
ture of chloroform, absolute alcohol, and 
glacial acetic acid. Storage in a refrig- 
erator at 3° C. kept the samples in good 
condition, When ready for use, panicles 
were immersed in a 20 percent aqueous 
acetic acid solution for several minutes 
to soften the tissue. [LaCour’s' aceto- 
orcein smear technique resulted in more 
distinct configurations than aceto-car- 
mine or iron-propiono-carmine, Slides 


inflorescenses produced by 
multiflorum, respectively. 
I. elatior, and others show the range produced by FI. 


lrestuca. Extreme left 
from left is from 
arundinacea & L. 


Lolium > 
Second 


were examined immediately and selected 
figures photographed through a micro- 
scope, using a bellows type camera with 
the lens removed. 

Certain morphological 
were made and the following character- 
istics, which are distinctive for Festuca 
and Lolium, were measured in detail: 
number of spikelets at basal nodes, pedi- 
cel length of spikelet at basal node, con- 
cavity of primary rachis, number of emp- 
ty glumes, and nervation of empty 
glumes. 

Since the F; progenies were male ster- 
ile, backcrosses were attempted without 
emasculation, and Festuca or Lolium 
plants that flowered concurrently were 
used as pollen sources for hand pollina- 
tion. 

Results of the interspecific and inter- 


comparisons 
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generic crosses were similiar in most 
instances. 

Experimental Results 
Caryopses and Seedling Development. 


Of 1412 crosses made, 34 percent were fer- 
tile with a range of 13.9 percent to 62.3 per- 
cent (Table I). In all crosses there was a 
range from bare ovular stimulation to well 
developed seeds. Usually the caryopses began 
to collapse 10 days after pollination, and if 
allowed to remain on the plant, a shriveled 
seed developed. When the collapsing caryopses 
were pricked, a watery substance was released 
and no well developed endosperm was present. 
Inside the seed coat a blackish pulp was de- 
generating, but a very small embryo was found 
in most collapsed caryopses. A similar cendi- 
tion was reported by Jenkins® for interspecific 
and intergeneric /estuca-Lolium crosses. Many 
of the excised embryos which grew on the 
agar developed into abnormal seedlings. Some 
were very small and others were stunted, 
lacked chlorophyll, or developed a shoot but 
no root. A number of normal seedlings, when 
transplanted, died before resuming growth, 
while others developed three or four leaves 
before dying. One plant produced one panicle 
and died but others grew into apparently nor- 
mal plants. Germination and appearance of the 
seedlings on filter paper followed a_ pattern 
similar to that on nutrient agar. Developed 
caryopsts from some crosses did not germinate 
while those from others ranged up to 54 per- 
cent. Only 74 plants matured but not all of 
these flowered. 

The nature of the collapsed caryopses and 
hybrid incompatibilities were not investigated 
but reports of a similar condition have ap- 
peared in the literature.!. 2.4.9 

Generally crosses of dicotyledons are more 
successful when the parent having the higher 
chromosome number is used as the female, but 
in the present study, a higher seed set occurred 
and germination was better, except in the inter- 
specific cross, when the low chromosome par- 
ent was used as the female. Kihara and Nishi- 
yama® reported similar results from crosses 


TABLE I. 
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involving Avena and Triticum. 

Natural hybrids of I’. arundinacea-l, elatior 
and I. elatior-L. perenne have been re 
ported.7. 13,18 Two spontaneous hybrids were 
found in the present investigation. One came 
from Georgia and was assumed to have arisen 
from an /*. arundinacea & I’. elatior cross since 
seed were harvested from tall fescue plants 
growing near a meadow fescue plant. The 
other was found as a seedling among tall fes- 
cue plants growing on a roadside in North 
Carolina. Results of artificial crosses in the 
present study indicated that hybrids might 
arise under natural conditions, but supported 
the contention of Myers and Hill!? that the 
chance of occurrence is low. 


Morphological Characteristics of Hybrid 
Progenies 


Most hybrids described in the literature have 
been classified as being intermediate between 
the two parents, or ranging from /’¢gstuca- to 
Lolium-like. The majority of hybrid progenies 
in this study tended to be intermediate. If an 
array existed, the trend was toward the fe- 
male parent in foliar characteristics and gen- 
eral appearance, but most inflorescences were 
intermediate. The foliage of F°. arundinacea 
derivatives was not as coarse as Festuca, but 
the hairy auricle found on F. arundinacea per 
sisted in all of its progenies except two plants. 
F, plants in general did not grow as vigorously 
as either parent. 

The panicles of interspecific progenies were 
indistinguishable from either tall or meadow 
fescue until anthesis, at which time the an- 
thers of the F; plants did not dehisce. Inflores 
cences of intergeneric derivatives were in gen- 
eral more estuca-like. Toward the apex of 
some panicles, only one spikelet was borne on 
the primary rachis. The only readily distin- 
guishable Lolium characteristic was the awned- 
ness of upper florets on certain plants derived 
from L. multiflorum * Festuca. . Types of 
inflorescences produced are illustrated in Fig 
ure 20. 

Detailed measurements 
lium-Festuca derivatives 


from Lo 
similar. The 


obtained 
were 


Results of Interspecific and Intergeneric Crosses of Festuca and Lolium 


Florets 
emasculated 


Caryopses 

developed Germination Hybrid plants 
Species Cross No. N “ No W/ No % 
arundinacea X F. elatior 7 28.1 25 2 17 17.9 
elatior K F. arundinacea 5 6 7 3 
arundinacea XK L. multiflorum 2 : 7 7 

multiflorum X% F. arundinacea 44 32.1 18 
arundinacea X L. multiflorum var, dim.* 

multiflorum var. dim. % arundinacea 1k 13 
arundinacea X L. perenne i 1 

perenne X F. arundinacea 3 ‘ 28 16 

elatior K L. perenne 

perenne X F. elatior 

elatior XK L. multiflorum var. dim. 

.multiflorum var. dim. XK F. elatior 190 


SSS ER SR EN eH | 


*Lolium multiflorum var. diminutum Mutel is a perennial form of Italian rye grass 





CHROMOSOME BEHAVIOR IN) FESTUCA—LOLIUM DERIVATIVES 
Figure 21 


A to J—Photomicrographs of pollen mother cells of Fi progenies of Festuca arundinacea 
< Lolium. A—Chromosomes at metaphase I associated as 12,,lpy. B-—Chromosomes associ- 
ated probably as 9 1iv4). C to —Bridges and fragmentation at anaphase I. /}—-Univalents 
dividing at anaphase I. G—Bridges and dividing chromosomes at an&phase II. //—Bridges 
and fragmentation at anaphase II. /—Micronuclei at the quartet stage. /-—-Immature pollen 
in which the nuclear wall did not form. Chromosomes in most cells were so sticky that 
figures were not distinguishable. Degeneration processes occurred at all meiotic stages. 
(Approx. 525). 
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number of spikelets at the basal node was 
usually variable, and if only one spikelet was 
produced it was more /estuca-like. The con- 
cavity of the primary rachis was intermediate 
or absent, as in fescue. All but two plants pos 
sessed two empty glumes, and these had spike- 
lets with one and two empty glumes. Nerva- 
tion of the empty glumes was highly variable, 
both among and within plants, but the trend 
was toward a combination of one nerve on the 
outer and three on the inner glumes which is 
Festuca-like. The various combinations for 
inner and outer were 1-1, 1-3, 1-5, 3-3, 3-5, 
and 5-5. Measurements of plants from the 
lestuca interspecific cross were the same as 
for the parents except nervation of the empty 
iumes of three plants. Instead of being 1 and 
for the outer and inner glumes, respectively, 
the nervation on the outer glume was 1, 3, or 


5. and always 5 on the inner glume. 


o 
? 
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Meiotic Chromosome Behavior at 
Metaphase I 

Only hybrid derivatives involving /*. arun- 
dinacea flowered. All plants examined pos- 
sessed the somatic number of 28 chromosomes. 
The chromosomes paired largely as bivalents 
at metaphase I, but extreme. stickiness and 
clumping were so prevalent that interpretation 
was difficult. Most cells contained unpaired 
chromosomes and multivalents in addition to 
bivalents. An extreme range of 0-14 bivalents 
was observed in progenies of interspecific and 
intergeneric crosses, but usually 9-13 bivalents 
were seen at metaphase I (Figure 21.1 and B) 
The percentages of bivalent formation ranged 
from 42 to 92, with most plants showing 70 to 
80 percent of the chromosomes paired as bival- 
ents (Table I1). The number of univalents 
varied greatly from cell to cell (10 to 22), 
and to some extent from plant to plant (5 to 
24 percent). Averages of crosses were not too 
divergent. The chromosomes that formed mul- 
tivalents associated as trivalents, quadrival 
ents, quinquivalents, and hexavalents. The 
quadrivalents occurred as rings or chains and 
the others as chains. Trivalents and quadrival 
ents were seen most frequently, and often 
more than one type of multivalent was formed 
within a cell; for instance, a trivalent and a 
quadrivalent, or a trivalent, quadrivalent and 
hexavalent would occur in the same cell. The 
among-plant variation for multivalent forma 
tion was rather large—5 to 53 percent, with 
10 to 20 percent, being most frequent. Although 
variation of chromosome association existed 
between reciprocal crosses and among proge 
nies of species, the difference was not as great 
as among progenies of individual crosses. No 
trends of association could he established and 
variation from céll to cell within plants was 
large. Of 50 metaphase IT counts within one 
plant, there were 26 combinations of chromo 
some pairing. The chromosome association 
of 1750 counts within 35 plants showed a total 
of 79 different combinations, ranging from 14), 
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to 24:22). These data on variable synapsis are 
in general agreement with reports found in the 
literature.!!, 12, 18 

which the chromosomes of 
is bival- 


The manner in 
the various hybrids were associated 
ents and multivalents implied varying degrees 
of homology among the chromosomes of the 
parent species, Seven chromosomes of /*. arun 
dinacea were homologous enough to pair with 
the genome of I. elatior; seven were enough 
like the genome of Lolium spp. to pair; and 
the remaining 14) chromosomes — possessed 
enough homology, in some instances, to pair 
among themselves. Thus, the chromosomes 
of interspecific and intergeneric derivatives ex- 
hibited auto- and allosynapsis. Since the chro- 
mosomes were not morphologically distinct, it 
could not be determined whether the same 
seven from /. arundinacea paired with the 
I. elatior genome as with the Lolinm comple- 
ment. 

This information indicated that perhaps two 
or more of the genomes of /°. aruidinacea are 
homologous with Lolium and I, elatior chro- 
mosomes, which suggested that certain genomes 
of the three species may have been derived 
from a common progenitor. If this is true, and 
it the chromosomes of /*, arundinacea are not 
pairing at random with the Lolimm and F. 
elatior genomes, it would appear that the other 
28 chromosomes of [°. arundinacea might have 
arisen from a common source, indicating auto 
alloploidy in Ff. arundinacea. Autosynapsis of 
I’. arundinacea chromosomes occurred, and a 
larger number of multivalents were formed 
than might have been expected since /*. arun 
dinacea chromosomes pair largely as bivalents.5 

There were indications that only partial 
chromosome homology existed in all hybrid 
derivatives because many configurations were 
loosely associated. At metaphase I the con 
tracted chromosomes might have been associ- 
ated at only a few points along their length 
and the heavily stained matrix prevented the 
detection of structural differences. Stebbens!6 
has proposed the term “cryptic structural hy 
bridity” for this situation 


Metaphase I Configurations of Chromo- 
Interspecific and Intergeneric Progenies* 


TABLE II. 


somes of 
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ENDOMITOSIS IN FESTUCA-LOLIUM DERIVATIVES 


Figure 22 


J to E—Photomicrographs of pollen mother cells with increased chromosome numbers. 
t—-Doubling of paired and unpaired chromosomes resulted in a somatic count of 56 instead 
of the normal 28 chromosomes. B—l unrestricted chromosomes doubling resulted in a giant 
cell. C—Basic chromosome complements accumulated in a nuclear fashion but no nuclear 
or cell wall was formed. /)—Giant cell at prophase II. /—Advanced degeneration of spo- 
rogenous tissue and cells approaching metaphase I. Endomitosis was common in intergeneric 
progenies but was not seen in interspecific /’estuca progenies. 
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Irregularities at Stages Subsequent to 
Metaphase 


Chromatin bridges occurred in anaphase | 
cells and were interpreted as being one of the 
following types: 1) those resulting from cross 
ing over between chromatids in regions hetero- 
zygous for a paracentric inversion; 2) “sticky” 
bridges which resulted from a_ physiological 
change in the chromosome surface; and 3) 
“bivalent” and “univalent” bridges which may 
have resulted from spontaneous breakage and 
reunion (Figure 21C and /)). “Sticky” bridges 
were difficult to distinguish from “bivalent” 
bridges, and structural bridges were difficult 
to identify because fragments were frequent in 
anaphase cells. Occasionally © chromosome 
fragments were observed in anaphase cells that 
appeared to be undergoing a general breaking 
up of the chromosomes as they moved trom the 
metaphase plate (Figure 21/5). This manifes 
tation appeared distinctly different from de 
generation which usually followed; however, 
it may have been the initiating stage of de 
generation, or may have resulted from .spon- 
taneous chromosome breakage as described by 
Giles® and Walters.!7 

Numerous anaphase I cells possessed from 
0-7 or more dividing univalents (Figure 21/°), 
and these occurred in cells with or without 
bridges. The univalents separated late on the 
equatorial plate and were often omitted as 
micro-nuclet from the telophase I nucleus. 
Univalents which divided and erratic dyad 
behavior at metaphase I resulted in) unequal 
chromosome numbers at prophase IT. Counts 
wt this stage revealed a range of 3-26 dyads, 
plus 0-13 univalents per cell. Very rarely did 
14 dyads, or an equivalent number of dyads 
plus univalents, move from the equatorial plate 
at anaphase I. 

If the cells reached the anaphase II stage, 
a majority possessed varying numbers of lag 
gards (Figure 21G and //), and these far ex- 
ceeded those with bridges. Laggards at ana- 
phase IIT were the result of chromosomes which 
disjoined at anaphase I, or did not divide un 
til anaphase II. In either event, most lag 
gards did not move rapidly enough to he in- 
cluded in the telophase II nuclei, but were left 
as micro-nuclei in the microspores. Counts at 
anaphase II showed that 5-21 chromosomes 
and fragments moved toward the poles. Sel 
dom did the somatic number of 14 appear in 
the anaphase II group of chromosomes. Usu- 
ally 11-16 were counted, some within the nu- 
cleus and some as micronuclei. From 0-18 
micronuclei per quartet were counted (Fig 
ure 21/). Frequently a nuclear wall did not 
form around the telophase IT nuclei, but the 
chromosomes accumulated in a nuclear fashion 
(Figure 21/). Regardless of whether the nu 
clear wall appeared, a vast majority of the 
microspores showed signs of degeneration, but 
in some plants a number persisted until the 
pollen grain wall was laid down. Usually a 
quartet of four microspores was produced, but 
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occasionally polyspory was evident and_ five 


or six were present 
Condition of Endomitosis 


Indeterminate chromosome division, unac 
companied by cell division, occurred in_ the 
sporogenous cells, prior to, and after assem- 
blage on the metaphase I plate, in a number 
of cells of both interspecific and intergeneric 
In certain cells the complement of 28 
chromosomes was doubled (Figure 22.4). In 
several cells rather accurate determinations 
showed 11, 12, 20, and 32 ploidy, but in the 
majority of cells it was difficult to estimate the 
number, since the chromosomes appeared rath- 
er sticky and extremely clumped (bigure 22/5) 
Frequently wall formation was inhibited, and 
cells occurred with many small groups of 28 
chromosomes (Figure 22). The number of 
such chromosome groups varied from two or 
three to many. Often several projections con 
taining chromatin material extended from these 
large cells. Usually a nuclear wall did not 
form around the chromosome groups, and 
many were in a state of disintegration. Chro 
mosomes of endomitotic cells were associated 
as bivalents and multivalents or were left un 
paired. Often these giant cells degenerated, 
but there were indications of ananhasic move 
ment in some, because occasionally cells with 
many dyads and monads or fragments were 
observed at prophase I] (Figure 221) \ 
number of enlarged cells persisted, either in a 
delayed stage of endomitotic division or as 
metaphase I or prophase IT cells, until a heavy 
cell wall, resembling that of pollen grains, was 
laid down. 


crosses. 


Degeneration Processes and Floral 
Development 


Degeneration processes prevented meiosis 
in some plants. It was difficult to determine 
whether tapetal degeneration preceded chro 
mosome irregularity or was a consequence of 
it. In either event, breakdown of the tapetal 
cells occurred at all stages. The onset of de 
generation varied with the plants and to some 
extent within the plants. After disintegration 
of the tapetum, most meiotic cells, regardless 
of the stage, assumed a degenerative appear 
ance. The nuclei were very disorganized ; often 
no nuclear wall formed, particularly at telo 
phase II; globules of chromatin were scat 
tered over the cell; and the entire cell became 
very granular and highly refractive. With 
cellular collapse, the chromosomes also ap- 
peared to be in a state of disintegration (Fig 
ure 22/:) 

Collapse of the cells resulted in a sparsity 
of pollen grains. In some plants many micro 
spores developed into pollen grains, but none 
was stained with The pollen grains 
were almost devoid of cytoplasm, contained no 
starch grains, and were in a general state of 
eolleese, Pollen size was extremely variable, 
10-100 w in diameter. It was difficult to set an 
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upper limit since many of the giant cells, 
formed earlier by mitosis, developed a heavy 
wall resembling that of pollen grains. 

Exserted stigmas appeared normal, except 
that most were not as plumose as Festuca or 
Lolium. Usually the stamens were of abnormal 
color; instead of a bright yellow they were 
light, somewhat smaller, and shriveled. Some 
anthers began to dehisce along the longitudinal 
axis, but the process was never completed. 
Microscopic examination revealed that the 
tapetal cells had degenerated by anthesis, if 
not previously, and aborted pollen grains were 
present in varying numbers. 

Anthers were not developed on two plants 
from the intergeneric cross of L. perenne 
I’. arundinacea, Three progeny from the L. 
multiflorum var. diminutum > PF. arundinacea 
cross developed anthers, but those on one were 
devoid of pollen mother cells, and degenera- 
tion of the sporogenous tissue and tapetum 
was observed in cells of the other two. From 
the L. multiflorum & FT. arundinacea cross, 
one plant was found in which only lower florets 
supported anthers, but many of these possessed 
no distinguishable sporogenous tissue. On most 
plants, stamens and pistils were formed and 
exserted normally, but on some plants no 
florets opened. The premeiotic irregularities 
were not evident in derivatives from the inter- 
specific crosses, which might indicate that even 
though the intergeneric crosses were success- 
ful and chromosomes of the Lolium genome 
synapsed with the Festuca chromosomes, cer- 
tain disharmonies existed that were not pres- 
ent in the interspecific crosses. 


Agronomical Value of Interspecific and 
Intergeneric Progeny 

Several I; derivatives were rather vigorous 
and certain characteristics which 
were agronomically more desirable than those 
of I’. arundinacea. The F, hybrids were less 
coarse and the foliage was not as harsh as that 
of the /. arundinacea parent. All progenies 
were infertile. Many attempts to obtain hack- 
crosses resulted in stimulation of 10 caryopses, 
one of which germinated but the seedling died. 
Several generations of fertile backcross proge- 
nies have been reported by Jenkins® and Nils- 
son.13 Perhaps a more extensive crossing 
program, using a larger number of parents, 
would produce Fi hybrids which would be more 
compatible in the backcross. 

Chromosome doubling of the Ff; hybrid offers 
another possibility of obtaining fertility. The 
result would be a segmental alloploid—a term 
suggested by Stebbins!6 for alloploids in which 
the diploid had genomes which possess the 
majority of their chromosomal segments in 
common, but differ from each other by a large 
enough number of chromosomal segments or 
gene combinations to prevent free gene ex- 
change between them on the diploid level. The 
F, derivatives studied in the present investiga- 
tion exhibited partial to complete chromosome 
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pairing and were partially or completely ster- 
ile. Doubling of the F; might restore fertility 
by inducing preferential chromosome pairing. 


Summary and Conclusion 


F. elatior L. (2n = 14), F. arundinacea 
Schreb (2n = 42), L. perenne L. (2n = 14), 
L. mutiflorum Lam. (2n = 14), and L. multi- 
florum var. diminutum Mutel (2n =14) were 
crossed reciprocally in all combinations. Seed 
development ranged from slight ovular stimu- 
lation to well formed seeds, but most caryopses 
of these hybrids collapsed after 10 days. Km- 
bryos were excised and grown on nutrient 
agar, and collapsed seeds were germinated on 
moistened filter paper. An array of abnormal 
and normal seedlings was obtained in both 
instances, and some of them developed into 
normal appearing plants. A better seed set and 
more plants were obtained when the low chro- 
mosome plant was used as the female parent. 
These results disclosed certain hybrid incom- 
patibilities. 

Most hybrid plants were morphologically 
intermediate between the parents; but, if they 
varied, the trend was toward the female parent. 
The panicles of interspecific Mestuca progeny 
and their parents were indistinguishable, with 
the exception of nervation of the glumes of 
one plant. Inflorescences of the intergeneric 
hybrids were more panicle- than spike-like, 
with varying numbers of spikelets at the basal 
node. The concavity of the primary rachis 
was intermediate or absent; the spikelets were 
pedicelate; usually two glumes were present; 
and nervation of the outer and inner glumes 
tended to be one and three, but combinations 
of 1, 3, and 5 were present. 

Meiotic studies of 35 F; plants from. all 
crosses with /°. arundinacea showed a somatic 
count of 28 chromosomes. Metaphase I con- 
figurations were very sticky and tended to 
clump. Seventy-seven percent of the chromo- 
somes observed in 1750 cells paired as hival- 
ents; 10 percent occurred as univalents: and 
13 percent associated as trivalents, quadrival- 
ents, quinquivalents, and hexavalents, with a 
wide range existing among plants and crosses. 
At metaphase I, 0-14 bivalents were seen but 
usually 10-13 occurred. Thus the /. arun- 
dinacea chromosomes exhibited auto- and allo- 
synapsis. 

Bridges, fragments, and dividing univalents 
were visible at anaphase I, and bridges, lag- 
gards, and fragments at anaphase II resulted 
in micronuclei in the majority of microspores. 
Degeneration processes occurred in both tape- 
tal and sporogenous tissue at all meiotic stages, 
the result being that many cells did not begin 
or else did not complete the meiotic cycle. 
Endomitosis resulted in giant cells with in- 
creased chromosome number. These usually 
degenerated prior to metaphase I or formed a 
thickened wall similar to pollen grains before 
disintegrating. All pollen grains aborted prior 
to anthesis. Anthers and stigmas were ex 
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serted, but anthers did not dehisce. Attempts 
at backcrossing were not successful. 

The results of this investigation suggest that 
genomes of Lolium spp. and those of the two 
frestuca species (1°. elatior and I’, arundinacea) 
are phylogenetically related, but their origin 
and relationship have not been definitely de- 
termined. 
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Enough for All? 


\X / ITH the advent of the age of chemistry 
man need not worry about the recent 


rapid increase in world population. The chem- 
ical synthesis of food, the harnessing of solar 
energy, and the extraction of minerals from 
the sea will displace the primitive and ineffi- 
cient practices of agriculture and mining. Car 
bohydrates will be produced from coal and 
ultimately by a more direct utilization of the 
carbon dioxide of the air. The synthesis of 
proteins presents a more difficult problem, and 
for a period of time the micro-organisms and 
algae must furnish proteins. Fats will be 


*The Road to 


[hundance. Jacob Rosin and Max Fastman. McGraw-Hill 


synthesized from natural or petroleum  prod- 
ucts. We are assured by the authors that the 
chemical synthesis of carbohydrates, proteins, 
fats and vitamins will provide abundant food 
for an ever growing population. 

The collaboration of a scientist and a jour 
nalist should have produced a book which is 
both readable and accurate. The book* is well 
written, but if the facts of chemistry are as 
badly distorted as are the facts of agriculture 
the book must be classed as science fiction. 

Chemistry has made great contributions to 
agriculture in the production of fertilizers, 
1953 
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insecticides, fungicides and herbicides, but it 
cannot “increase the food supply faster than 
population can grow.” As an example, the 
authors state that the yield of corn can be 
increased 7% fold by eliminating weeds, and 
since it required only a year to develop the 
2-4-D weed killer, “it is evident that in this 
case population increase will be a long time 
catching up to the possible increase in output.” 
The facts are that no farmer would let the 
weeds choke out the young corn plants. It 
might be cheaper to control weeds with a 
herbicide than with a cultivator, but there 
would be little or no difference in yields of 
corn, Between 1900 and 1950 the yield of corn 
has been increased about 30 percent, but the 
population has doubled. The increased yields 
have been due almost entirely to the use of 
hybrid corn developed by geneticists. Chemical 
fertilizers have compensated for the loss in 
fertility of land long cultivated, and have in- 
creased yields very substantially in some areas, 
but 2-4-D has played no part in the higher 
yields of corn. 

The authors realize that the chemical syn- 
thesis of food may not be developed soon 
enough to meet world needs, and that plant 
sources will be needed for some time. The 
culture of algae wili meet the temporary need. 
The authors refer to the work with Chlorella 
and compare the cost of dried algae with the 
cost of steak. It is true that the raw materials 
needed. to produce a pound of dry algae cost 
only one cent, but the total cost of producing 
algae is estimated by A. D. Little, Inc., to be 
about 27 cents per pound. If the algae were 
fed to livestock the cost of the meat would be 
at least six times the cost of the algae, or 
$1.62 per pound. A better comparison, how- 
ever, is the cost of producing algae and soy 
beans. Soy beans can be produced for little 
more than three cents per pound, compared 
with 27 cents for dried Chlorella. The gross 
distortion of the facts in this case is inexcusa- 
ble. 

While waiting for chemical synthesis of food 
we may also have to depend upon orthodox 
agriculture for some time. The authors have 
great faith in soil conditioners, and state that 
“A few pounds of Krilium per acre will turn 
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clods into good soil.” Krilium will improve 
the texture of heavy clay soils, but at costs far 
in excess of economic returns for general agri- 
culture. Soil conditioners may be of value for 
special purposes in some areas, but a few 
pounds per acre will not turn poor soil into 
fertile fields. 

It is possible that chemical synthesis and the 
utilization of algae and micro-organisms can 
greatly increase the food supply, but it will 
not be done in the immediate future. In the 
meantime the world population continues to 
grow at the rate of more than one percent per 
year, and would grow much faster if adequate 
food and modern medicine were available to 
the two-thirds of the world’s people who still 
live little above subsistence levels. Even the 
present growth rate will result in a population 
increase of nearly 300 million people during 
the next decade. 

In claiming that chemical synthesis could 
increase food production faster than popula- 
tions can grow, the authors are rather naive, 
to say the least. For example, if the people of 
Massachusetts, with a population of about 5 
million could maintain the primitive birth rates 
of 1800 and the modern death rates of today, 
the population would ‘exceed that of the entire 
country in 100 years. In 200 years the popu- 
lation would exceed the present world popu- 
lation of 2,500 million and in 500 years there 
would not be standing room on the entire sur- 
face of the earth. 

Chemistry has made great contributions to 
agriculture, industry, and medicine. It has 
been a major factor in extending the life span 
of man, but it cannot possibly provide an 
abundant life for a population arising from a 
natural birth rate and a controlled death rate. 
The road to abundance must include the con- 
trol of the birth rate. It should not be difficult 
for chemistry to provide simple inexpensive 
physiological contraceptives which could be 
used in the undeveloped areas of the world 
where there is as yet little or no control of 
birth rates. 

KARL SAX 


Arnold Arboretum 
Harvard University 





SILVER, A NEW MUTATION OF THE RAT 


W. E. CAsTLe 
University of California, Berkeley 


ILVER (s) is a mutation which origi- 
nated in the home of many other 
rat mutations, the Wistar Institute, 

under the observing eye of Dr. Helen 
Dean King. In October 1945, Dr. King 
sent to me in Berkeley two males and 
a female of the silver strain. All were 
black hooded (aa hh) and beautifully 
silvered. 

The silvering consists of an intermix- 
ture of white with colored hairs. It is 
not present in the juvenile coat but can 
first be recognized at an age of six to 
eight weeks, thereafter increasing in 
conspicuousness until the animal is full 
grown. 

It involves a progressive depigmenta- 
tion of the coat in successive moults. At 
first only the fine undercoat and_ the 
bases of the long hairs are affected. They 
are seen to have become a pale creamy 
white in color like the white of albinos, 
instead of lead color as normally. At 
each successive moult the white zone ex- 
tends farther and farther out until only 
the tips of the long hairs are pigmented. 
Finally even the tips become white in 
part of the long hairs, resulting in an 
intermixture of black-tipped and_ fully 
white hairs as seen in Figure 23. 

One of the males sent to me by Dr. 
King was mated with ordinary black 
hooded females and produced 27 young 
all devoid of silvering. Twenty-six lit- 
ters of Fy rats were reared to the critical 
age of two months or older. Forty-one 
of the Fy progeny were silvered and 129 
were non-silvered, a fair approximation 
to a 1:3 ratio indicating that silver is a 
unifactorial recessive character. A back- 
cross of F, to silvered individuals pro- 
duced in 65 litters 410 young of which 
136 were classified as silvered and 274 
as non-silvered. This 1s close to a 1:2 
ratio, where a 1:1 ratio is expected. In 
later experiments also there is a de- 
ficiency of silvered individuals in F, and 
backeross populations, although there is 
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SILVER AND NORMAL BLACK 
Figure 23 
A black silvered rat is shown to the left of 
a normal black 


no other indication of inferior vitality 
of the ss genotype. 


Tests for linkage between silver (s) and 
other mutant genes gave results clearly nega 
tive in the case of wobbly (wo, chromosome 
III.), kinky (k, IV.), agouti (A, V.), and 
curly: (Cuz). Positive indications of link 
age were obtained later from repulsion crosses 
between silver and the second chromosome 
genes curly (Cu) and chocolate (p). 

The cross with curly was made first. F, 
animals were backcrossed to silvered non 
curly, the double recessive class. The four 
expected phenotypes were obtained ina 1:1 :1:1 
ratio modified by the usual deficiency of 
silvered individuals, and by linkage between 
Cu and s. 

In a total of 368 individuals, 131 were 
silvered and 237 non-silvered, there being 35.6 
percent of silvered where 50 percent is ex 
pected. But in the silvered group non-curly 
individuals predominated, and in the non 
silvered group curly individuals predominated, 
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both of which circumstances indicate linkage. 
The actual numbers were: 
Neither 
108 
The first and fourth of these classes arose 
from crossover gametes supplied by the Fi 
parent. Their sum is 161. The second and 
third classes arose from non-crossover gametes 
supplied by the F; parent. Their sum is 207. 
The indicated crossover percentage is 43.5 + 
1.7, calculated without taking into considera- 
tion the deficiency of silvered individuals. But 
if the deficiency occurs with equal frequency 
in curly and non-curly classes, it will _ not 
change the indicated crossover percentage. 
Previously reported studies had shown that 
curly (Cu) and chocolate (/) lie in chromo- 
some IL., the crossover percentage between 
them being 45.16 + 0.69. It would appear 
therefore that silver also lies in chromosome 
II, but not quite as distant from curly as is 
chocolate. If both lie on the same side of 
curly, they should be close to each other. To 
test the matter, a repulsion cross was made 
between chocolate and silver. An KF. popula- 
tion of 693 individuals gave the following 
distribution in four phenotypes where a 
1:3:3:9 ratio would be expected in the ab 
sence of linkage: 


Curly 


Curly silvered Silvered 
5 129 


53 78 


bs Ss 
2 144 


b oO 
55 392 


1 
43.3 130 130 $390 


There is a striking deficiency in the double 
recessive class, as well as an excess in other 
classes, indicating close linkage between pb 
and s. Such a condition was to be expected 
if s lies 43 units from Cu, and / is distant 45 
units, provided both lie on the same side of 
Cu. Their respective loci would seem to’ lie 
only two map units apart. It may according- 
ly be regarded as definitely established that s 
lies in the second chromosome close to the 
left of b. 

In order to increase the small stock of 
double recessives, the chocolate silvers, of 
which only two were obtained in F., the single 
recessive I, classes were crossed with each 
other. Incidentally this served to show the 
percentage of crossover gametes involved in 
the production of the black silver individuals 
used in making the cross. 

An ky black silver individual which pro- 
duced only black young when mated to a 
chocolate sib was evidently homozygous for 
B and had arisen from the union of two non- 
crossover gametes, Bs+Bs—BBss. 

On the other hand a black silver individual 


Expected 


(Received 
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which produced both black and chocolate 
young must have been heterozygous for B and 
have arisen from the union of a crossover 
gamete with a non-crossover gamete, bs+ 
Bs=Bbss, 

In this manner 49 F, black silver individuals 
were tested, eight of which proved to be 
heterozygous (Bb). 

Accordingly the 98 gametes, which took 
part in the production of the 49 tested indi- 
viduals, included eight crossover and 90 non- 
crossover combinations, a frequency of cross- 
over recombinations of 8.1 percent. Without 
the occurrence of linkage, the frequency of 
such recombinations would be 33.3 percent, 
four times as great. 

To ascertain with greater accuracy the 
crossover percentage between / and s, a cou- 
pling cross was made between double recessive 
chocolate silver individuals (bbss) and ordi- 
nary black (BBSS) double dominants. 

The resulting F, individuals were doubly 
heterozygous blacks but carried genes > and s 
in a coupling relationship, rather than in the 
repulsion relationship which they bore in the 
previous cross. 

These F; animals were now back-crossed to 
the double recessive chocolate silver parental 
stock and produced the following population, 
in which the four classes should be numerically 
equal, except for the existence of linkage be- 
tween } and s. 


Black 

Black silver 

BbSs Bhss 
195 9 


Chocolate 
silver 
bbss 
181 


Chocolate 
bbSs 
18 


The two middle classes are those to which 
the F; parent contributed a crossover gamete. 
Their sum is 27. The remaining classes are 
those to which the F; parent contributed a non 
crossover gamete. Their sum is 376. The in- 
dicated crossover percentage is 6.7 + 1.7, 
This is not very different from the estimate 
based on the F:. black silver class, which was 
8.1 percent. 

On the basis of these findings the map of 
chromosome IT should be revised as follows: 


Il Sh Cu 
0 4 


an mn s 
14.3 28 48 


Summary 


Silver is a new recessive mutation whose 
gene s shows linkage with the second chromo- 
some genes Cu and‘h; loosely with Cu, closely 
with > 
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MEIOTIC STUDIES IN 


THE SWEET POTATO 


(Ipomoea batatas Lam.) 


Yu CHEN T1nG AND Aucust E. KEHR* 


HIE improvement of the sweet po- 

tato until recently has been con- 

fined largely to clonal selection of 
desirable somatic mutations. Although 
such mutations occur in sweet potatoes 
with a remarkably high frequency, 
marked improvement of sweet potato 
varieties was not rapid until techniques 
for blossom induction were perfected, 
enabling plant breeders to obtain recom- 
bination of desirable characters at a more 
rapid rate by use of controlled pollina- 
tions. Miller® and other workers have 
now perfected techniques which ade- 
quately overcome the non-blooming habit 
of sweet potatoes and it is no longer a 
problem to obtain an adequate supply of 
flowers for breeding purposes in most 
varieties. 

With the advent of sweet potato im- 
provement by sexual means has come the 
new problem of the low fertility of the 
blossoms once they are formed. Various 
workers have indicated several factors 
which they believe influence the setting 
of seed.? Such factors include air tem- 
perature, air humidity, light intensity, 
photoperiodism, self incompatibility, and 
unknown genetic factors. Warmke and 
Cruzado’ have suggested chromosomal 
non-disjunction and other cytological ir- 
regularities as perhaps contributing to 
reduced fertility and poor seed-setting 
ability. 

In view of its economic importance it 
is surprising that the sweet potato has 
not been more intensely studied from a 
cytological approach. The literature on 
this plant discloses that (1) the chromo- 
some number of /pomoea batatas has not 
been conclusively established, and (2) a 
study of its meiotic behavior has never 
been reported. King and Bamford? esti- 
mated from their work that the somatic 
chromosome number was about 90. 


*Louisiana State University, Baton Rouge 


Cytogenetic studies in other crops have 
in the past clarified and solved many 
plant breeding problems. The present 
studies on the meiotic behavior of sweet 
potatoes were undertaken with the ex- 
pectation and hope that similar informa- 
tion will be valuable to plant breeders 
working with this important world food 
crop. 

Materials and Methods 


Flower buds of the varieties L 240 and 
|. 9-32 were obtained from the breeding nurs 
ery at the Louisiana Agricultural Experiment 
Station. It was repeatedly found that young 
buds picked and fixed at various times during 
the day were either in very early meiotic pro- 
phase or were too advanced and in the quartet 
stage. From this it was concluded that meiosis 
might take place at night or early in the morn- 
ing. Therefore on the night of February 14, 
1952, fiower buds of the variety 1. 240 were 
collected hourly in the greenhouse, starting at 
twelve o'clock midnight and continued at one 
hour intervals until seven o'clock in the morn 
ing. For each collection, about one hundred 
buds were picked and immediately fixed. It 
was found that the peak of meiotic divisions in 
the sweet potato was at five o’clock in the 
morning. 

The fixative which gave best results was a 
modified Carnoy fixative with a ratio of six 
parts 95 percent ethyl alcohol, three parts 
chloroform and one part glacial acetic acid 
Buds were fixed for four hours or longer. 
Material stored at 32° F. in this fixative has 
been satisfactory up to four months later. 

The aceto-carmine smear technique was used 
throughout the entire study. The staining was 
generally good, especially for metaphase chro 
mosomes, and the cytoplasm was clear. Slides 
were made permanent by following the sched 
ule outlined by Smith.® 

Drawings were made with the aid of Abbe 
camera lucida utilizing a 90X objective and a 
30X compensating eyepiece to give the magni- 
fication indicated on each plate. All the prints 
were made from negatives obtained by using 
Zeiss photomicrographic equipment. 


Results and Observations 


Although the bivalent chromosomes in the 
sweet potato are exceedingly small, averaging 
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TWO VARIETIES AT METAPHASE I 
Figure 24 

A—Photomicrograph of polar view of metaphase I bivalent chromosomes in a_ pollen 
mother cell of the L. 240 variety, showing secondary association of 4 groups of three bivalents 
and 6 groups of two bivalents (about 1500). Compare with camera lucida drawing in 
Figure 25.4. Secondray association is manifested here by intimate juxtaposition of the bi- 
valent chromosomes. £—Photomicrograph of chromosomes of variety [L 9-32 at metaphase 
I, showing secondary association of 3 groups of three bivalents and 7 groups of two bivalents 
(about 2800). Compare with camera lucida drawing in Figure 258. Secondary associa- 
tion is manifested here by intimate juxtaposition and also by chromatic strands connecting 
the involved bivalents. C—Photomicrograph of a pollen mother cell of variety L240 at meta- 
phase I (about 2800). See camera lucida drawing in Figure 25C. In this cell there is 
intimate secondary association of 4 groups of three bivalents and 9 groups of two bivalents. 
D—Photomicrograph (side view) of metaphase for meiosis in a pollen mother cell of the 
variety | 240 (about 2200). See camera lucida drawing in Figure 25D). Secondary asso 
ciation is manifested by chromatic strands between associated bivalents. 


about two microns in length by about one 
micron in width, they are easily counted in 
most cells at metaphase I of meiosis. The 
authors now have a sizeable collection of slides 
in which a total of 45 bivalents can be dis- 
tinguished as easily as those shown in Figure 
244 and B and 25 4 and B. From these slides 
the gametic or haploid chromosome number in 


Ipomoea batatas has been determined to be 
X = 45. This confirms the study by King and 
Bamford? in which they interpolated from 
their data that the somatic chromosome num- 
ber was about 90. In their paper King and 
Bamford indicated that this number was con- 
cluded from their cytogenetic research of the 
Convolzulaceae in which somatic numbers were 
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CAMERA LUCIDA DRAWINGS OF 

METAPHASE I! 
Figure 25 

—Camera lucida drawing of the same 
cell as in Figure 24.4. A total of 45 bivalents 
can be counted. Note the secondary associa 
tions. &—Shows a drawing of the 45. bi- 
valents from the same cell as in Figure 242. 
Here some associated bivalents are connected 
by strands of chromatin material. ( 
drawing of the cell seen in Figure 24C° show- 
ing 45 bivalents and characteristic secondary 
associations, JJ—Shows a drawing of the 
cell seen in Figure 24/) showing side view 
of metaphase I. Note there are no laggards 
to the equatorial plate in L 240. 


to the great majority in multiples of 15 in the 
species they studied. Since they could count 
considerably more than 60 chromosomes in the 
somatic tissues of the sweet potato, their as- 
sumption was that /pomoea batatas was a 
hexaploid with about 90 chromosomes in the 
somatic tissues. The present work supports 
their hypothesis that the sweet potato is a 
hexaploid. 

Of even greater importance than chromo- 
some number determinations in the present 
research is the observation of secondary asso- 
ciation of bivalents at metaphase I which oc 
curred with great regularity in both varieties 
being studied. Characteristic associations in 
groups of two and three bivalents were seen 
in almost every early metaphase figure (See 
Figures 24 4-C and 254-C). The degree of 
secondary association varied from that which 
was extremely intimate to that in which only 
strands of chromatic substance connected the 
associated bivalents. An illustration of the 
latter type can be found in Figures 248 and 
25B. Through observations of a large number 
of cells, it was observed that the number of 
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associations in groups of two or three bivalents 
Was quite constant occurring at the average 
frequency of three to five associations of three 
bivalents and six to nine associations of two 
bivalents. The bivalent members comprising 
the groups were similar in both size and con 
figuration. 


Discussion and Conclusions 


Meiotic division was without exception nor 
mal in all cells studied in the variety 1. 240, 
and no chromosomal aberrations were ever 
noted. This observation is in agreement with 
the experience of plant breeders that L240 
functions well as both male and female in con 
trolled crosses, and the incidence of seed set 
when used as a female is high.7 On the other 
hand, in the variety L. 9-32 laggards were fre 
quently found in both first and second meta 
phases (Figures 26.1 and B). In Figure 2608 
can be seen a bivalent which failed to come to 
the equatorial plate at first metaphase. In Vig 
ure 264 there are two chromosomes far away 
from the metaphase plate at the second meiotic 
division. These observations are substantiated 
by actual field experience that variety L. 9-32 
does not function well as seed parent. It can be 
concluded from these observations that the 
problem of poor seed-setting ability of some 
varieties of sweet potatoes may well result 
from some type of abnormal chromosome be 
havior during meiosis. In such varieties it 
would be expected that there would be a large 
percentage of pollen abortion, and abnormal 
pollem grains. However, enough normal pol 
len grains could be expected to be formed to 
allow such varieties to function satisfactorily 
as males. Abnormal meiosis in the embryo 
sac mother cells, on the other hand, would be 
expected to render most of the derived ovules 
non-functional, and hence the number of seed 
set on these varieties would be extremely low 
The writers believe that this offers the best 
available explanation for the poor seed setting 
reported in Varieties No. 201 and L 241 by 
Montelaro and Miller? when these varieties 
were not self pollinated. 

The significance of secondary association of 
bivalents during meiotic divisions has been 
pointed out and discussed intensively by Law 
rence.4;5 He concluded that secondary asso 
ciation is observed only in plants with small 
chromosomes, and in the absence of multival 
ents, secondary association arose from the gen 
eral affinity of relatively homologous chromo 
somes and provided the only criterion of ho- 
mology available.’ Furthermore Catchside! has 
made a thorough investigation of secondary 
association in Brassica oleracea. In his work 
he proved that the phenomenon of secondary 
association was a real one, based on the meas- 
urements and statistical analyses of the dis 
tance between the bivalents. 

The phenomenon of secondary association 
is unquestionably exhibited in meiotic divi 
sions of the sweet potato. There would seem 
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Figure 26 
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l—Camera lucida drawing of a_ pollen 
mother cell of variety 1 9-32 at metaphase 
I], showing two laggards remaining in the cy- 
toplasm. Other abnormalities were found in 
the meiotic divisions of this variety, but never 
were found in variety L 240, B—-Camera lucida 
drawing of the first metaphase, side view, in 
I. 9-32, showing a bivalent which failed to be 
arranged on the equatorial plate. Univalents 
have also been found at early metaphase in 
this variety. 


to be no other explanation for the chromatic 
strands which connect certain bivalents, for 
the regularity of appearance of associated bi- 
valents in groups of two and three, and for 
the similarity of size and shape of chromo- 
somes found in close juxtaposition. 

Secondary association is a manifestation of 
chromosomes which are identical in such small 
segments that they do not form chiasmata, yet 
may have a general affinity which results in 
their attraction to one another during meiotic 
divisions.» It seems reasonable to say that 
secondary association of chromosomes is a cri- 
terion of the relationship of the relatively 
similar chromosome sets found in allopoly- 
ploids. Hence, Mukherjee’ applied secondary 
association as one of the several conditions 
used to explain the allopolyploid nature of 
mango, also Darlington and Moffett advanced 
the thesis of determination of the basic chro- 
mosome numbers in Pyrus on the basis of 
secondary association.* 

The writers have concluded that the second- 
ary association of sweet potato chromosomes 
during meiosis indicates that /pomoea batatas 
is of alloploid origin. This conclusion can be 
supported not only by secondary association 
indicating chromosomal relationships, but by 
the unusually high number of chromosomes 
found in the species. Of four species of /po- 
moea thus far studied in this laboratory three 
were found to have 30 somatic chromosomes, 
and only one with as high as 60 chromosomes. 
King and Bamford’ reported 22 species of 
Ipomoea with 30 chromosomes and one species 
with 60 chromosomes. Thus a chromosome 
number of 90 in itself is highly indicative of 
polyploid, and secondary association with the 
absence of multivalents suggests that this poly- 
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ploidy is of the alloploid type. 

Sased upon the information presently avail- 
able, the hypothesis is advanced that the sweet 
potato arose from a hybrid of two differen- 
tiated but somewhat related species, one prob- 
ably a tetraploid of 2 equals 60, and the other 
a diploid of 2n equals 30. The hybrid subse- 
quently became fertile through later natural 
chromosome doubling as follows: 


Sterile Hybrid 
45) Doubling 


Fertile 
Hybrid 
(2n 90) 


Species A (2n 60) 


(2n 


x ~ 
Species B (2n 30) 


The tetraploid species in the above plan may 
have been in itself either of alloploid origin or 
of autoploid origin with later diploidization of 
the duplicated genomes. A raw autoploid seems 
unlikely since there have been no multivalent 
chromosomes found in any of the cells thus 
far examined. The above genomes:have enough 
similarities in certain chromosomes to permit 
a general affinity in some stages of meiosis, but 
not enough synaptic similarity to allow multi- 
valent formation. However, secondary associa- 
tion of some bivalents suggests that total dif- 
ferentiation of the sweet potato chromosomes 
has not yet reached the stage where the chro- 
mosomes behave as diploids, the condition 
found in many natural polyploids. This is con- 
sidered to be an indication that the sweet po- 
tato had a comparatively recent origin. Since 
most botanists now concur that the sweet po- 
tato is of New World origin, present research 
at this station is directed toward finding /po- 
moea species in the West Indies and Central 
and South America which may have contrib- 
uted chromosomes to the synthesis of the 
present-day sweet potato. 


Summary 


Meiosis in the sweet potato, /pomoea batatas, 
has been studied for the first time and revealed 
that in this plant, the gametic number is X 
equals 45, confirming the hypothesis that the 
plant is a hexaploid. Meiotic divisions in the 
two varieties, L 240 and L 9-32, have been ob- 
served. In the variety L 240, no abnormalities 
were observed, but in L 9-32 laggards were 
found at both metaphase I and metaphase II. 
These cytologic observations are substantiated 
by field experience in which it is well known 
that L 240 functions well as either pollen or 
seed parent, while L 9-32, although it blooms 
profusely, functions well only as a pollen par- 
ent and sets almost no seed as a female parent. 
Thus the problem of low fertility, especially 
poor seed-set, in some lines of sweet potatoes 
may result from meiotic abnormalities. 

In metaphase I characteristic groupings of 
bivalents have been consistently observed in 
both varieties studied. The commonly found 
groupings are 3 to 5 associations of 3 bivalents 
and 6 to 9 associations of 2 bivalents. Such 
associations vary from very intimate align- 
ment to that in which only strands of chromatic 
substance connect the associated bivalents. No 
multivalents have at any time been observed. 
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All cytologic evidence supports the thesis that 
these phenomena are expressions of secondary 
association, 

Upon the evidence that the chromosome 
number is unusually high for the genus and 
the occurrence of secondary association of bi- 
valents during meiosis, the hypothesis is ad 
vanced that the sweet potato is of alloploid 
origin, combining the genomes of a naturally 
occurring tetraploid and a naturally occur7ing 
diploid. To test this hypothesis, work is now 
proceeding in making interspecific crosses be- 
tween the sweet potato and New World /po 
moea species, with subsequent cytologic studies 
of meiosis in the hybrids to determine phylo- 
genetic relationships. 
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The ABC’s of Genetics 


W. FF. HoL_LtaAnper* 


HIE use of letter symbols for genetic char- 
acters was originated by Mendel. Domi- 
nance was signified by capitalization; other- 
wise both members of a contrasting pair were 
indicated by the same letter. His choice of 
letters was purely abstract, almost algebraic. 
With the rapid expansion of Mendelism 
after 1900, the use of letters was generally 
more specific. The symbol w for example 
might be chosen because it was the initial of 
the descriptive name of one of the characters 
e.g., “white.” This was the practice of the 
early Drosophila workers. They soon exhaust 
ed the alphabet, however, and resorted to 
combinations of two letters; ss, for example, 
was the symbol for “spineless,” and Ba the 
symbol for “beadex wings.” Dominance here 
was indicated by capitalization of only the first 
letter. Three-letter symbols are now not 
rare. 
The sheer bulk of genetic material in Droso 
phila emphasized the need for simplicity and 
wm f 
brevity. By convention, the formula : 
wm f 
for example, meant that the fly or stock in 
question had three recessive mutant characters, 
“white eye,” “miniature wing,” and “forked 
bristles.” Thus attention was fixed on mu- 
tants; the thousands of wild-type genes which 
the fly possessed were not brought in to compli- 
cate the picture. Only when heterozygosity 


Wm f 
existed were they included: Soon, 
w M f 
however, even in heterozygotes the wild-type 
allelomorphs were no longer used. Thus in 
Genetics for 1916 we tind formulations like 

yom 
this: : ) Fe 


“understood” that each 


a 
mutant is heterozygous here. 

The Drosophila workers were the 
in genetical research, and it is not surprising 
that their practices were officially condoned. 
The 1921 report of the Committee on Genetic 
Form and Nomenclature states “The symbols 
for the type factors may be omitted in formulae 
where convenient” (:lmer. Nat. 55:175). 

Apparently, however, there were more con 
servative souls who felt that too radical a de- 
parture from the “large A, small a” system 
had been made. Safir, in 1920 (Genetics 5 
464), introduced the symbol “+-” for the wild 
type, first as a vague generalization. It was 
used specifically for wild-type allelomorphs of 
mutant genes in 1923 by Leonore Ward (Ge 
netics 8:288), and this use quickly became 
general. In 1926, Bridges and Olbrycht (Ge- 
netics 11:41) further identified wild-type genes 
by adding the letter symbol of the mutant as 
a superscript of the -+-; for example +" is the 
wild-type allele of a, which is recessive be 
cause not capitalized. The reverse of this ar 


leaders 
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rangement was preferred by some later work- 
ers, so that a* represented the dominant wild 
type allele of a. A review of various aspects 
of symbolization problems and solutions was 
presented in 1932 by de Haan (Genetica 15:1). 

A rather pathetic example of the flounder- 
ing with other methods may be seen in this 
quotation from Little in 1934 (Jour. Heredity 
25 :199) : 

“The terminology for hair length genes 
is somewhat complicated. As a general 
thing an effort has been made to designate 
the genes characterizing the wild type by 
simple capital letters. The varieties of 
dogs closest to the wolf, as well as the 
wolf itself, are not typically short-haired. 
If, therefore, we consider the primitive or 
wild long-haired type in dogs as H, the 
short-haired type which 1s dominant might 
be designated by H*. The increased length 
of hair seen in the wirehaired or rough 
coated breeds offers a further complication. 

It is dominant to short hair. It cannot 

therefore be due to the same gene that 

produces increased hair length in the wild 
type of dog.” ; 

A more recent example is the “Genetics of 
the Fowl” by F. B. Hutt (McGraw-Hill; 
1949). Here the author has classified genes 
as mutant or wild-type, but has not followed 
the Drosophila system any further, by use of 
+ or other simplifications. 

With most species of cultivated plants and 
domestic animals, as well as man, ignorance of 
the wild form, or evidence for polyphyletic 
origin, posed a stumbling block. Consequently 
for a great many not even a demarcation of 
“mutant” versus “type” has been attempted. 
The difficulties which the resulting systems of 
gene symbols get into are almost insurmount- 
able. The color genetics of cattle is an exam- 
ple, as summarized by Ibsen in 1933 (Genetics 
18:441). “The Genetics of Garden Plants” 
by Crane and Lawrence (MacMillan, 1934) 
contains similar summaries for plants. The 
use of letters without mnemonic significance, 
and the use of the same letter with different 
subscript numerals for non-allelic genes having 
related phenotypic effects make formulae in- 
deed formidable. 

The babel of different systems was supposed 
to have been settled in 1940, when both the 
international committee on standardization of 
genetic symbolism and the committee on Mouse 
Genetics nomenclature plumped almost entirely 
in favor of the Drosophila conventions (Jour. 
Heredity 31:27, 505). Where a wild type was 
not known, it was recommended that some 
standard type be selected to serve the same 
end. ; 
Unfortunately, people set in their ways are 
hard to budge, and the situation has changed 
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but little. Only one text book of genetics has 
completely adopted the Drosophila method 
(Altenburg, 1945; Henry Holt & Co.). Srb 
and Owen (1952, W. H. Freeman Co.) have 
partaken sparingly. Darlington and Mather 
(1950, MacMillan) relegate the matter to an 
appendix. 

It is not intended here to present the Droso- 
phila symbolism as ultimate and perfect. One 
abuse that has been permitted and even ra- 
tionalized is the use of the same letter capi- 
talized to stand for a gene that is not an allele 
of the gene having the same letter in lower 
case. Bridges and Brehme, in the introduction 
to “The Mutants of Drosophila melanogaster” 
(1944, Carnegie Inst. of Wash. Publication 
552), explain that this “allows the double use 
of letters.” That is quite true, but the intro- 
duction to this system is shocking to the stu 
dent who learned his genetics from Sinnott and 
Dunn. What must his reaction be when he 
learns that bx = bithorax, Br = beadex (not 
an allele of br), and brP = dominant bi- 
thorax? On the other hand, the antiquity of 
many text books seems far more to be deplored 
than the abuses perpetrated by Bridges and 
Brehme. 

What advantage, other than brevity, is in- 
herent in the Drosophila system? Just this: 
a single standard of reference. The utility of 
the wild type as a point of departure, a yard- 
stick, a pole star, has not been adequately em- 
phasized. The mere fact of its “wildness” has 
blinded many people to its more important 
function. Lack of a known wild type for the 
soybean is not an adequate reason for failure 
to select some type for a standard. 

Given a wild type, presumably homozygous 
or capable of being so, each gene difference is 
considered a mutant. Similarly, given a stand- 
ard type, each gene difference is referable to 
a “non-standard” gene. Most mutant or non- 
standard genes produce -characteristic pheno- 
typic departures from wild or standard, and 
on this basis their action (or failure to act) 
may be initially inferred. We thus have a 
rational basis for the study of interactions. 

The climax of such matters is the selection 
of a standard type in the genetics of Homo 
sapiens. Race prejudice is a barrier to an easy 
solution; but even disregarding that, difficul- 
ties are clear. If it be decided that the stand- 
ard allele shall be that with the greatest fre- 
quency, we may end with a genotype which 
in toto is rare. Perhaps .it would be best to 
set a standard for each of the major ethnic 
groups and work out their interrelations just 
as for different species. 

Since this article is entitled “ABC's,” per- 
haps the omission of even more thorny prob- 
lems is excusable. All top many of us have 
not yet graduated from kindergarten. 
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OBSERVATIONS ON DOUBLE-YOLKED 
EGGS FROM THE DOMESTIC FOWL 


K.P. Jerrrey, T. W. Fox anp J. I 


ATA concerning the incidence of 

double-yolked eggs and compari- 

sons of such eggs with single- 
yolked eggs in regard to weight, shape, 
and interior composition have been re- 
ported by Curtis* and Conrad and War- 
ren.” Much less known about the 
embryonic development of fertile double- 
yolked eggs, although it is generally be- 
lieved that they will not hatch, and com- 
mercial hatcheries avoid setting them. It 
should be noted, however, that in the 
year 1849 Bernard! reported in a discus- 
sion following the presentation of a pa- 
per by a colleague that . a hen had 
laid ten double-yolked eggs which were 
later incubated and hatched producing 
nine pairs of twins, eighteen well-formed 
chicks, with only a single egg failing to 
hatch.” The authors are not aware of 


is 


any further reports of such a phenome- 
non occurring during the ensuing one 


hundred years. However, Nalbandov* 
has reported viable twin chicks, neither 
of which lived more than two days, as 
probably coming from a_ single-yolked 
egg. The possibility of the chicks having 
hatched from a double-vyolked egg was 
not completely ruled out. 

The purpose of this study is to report 
additional observations on double-yolked 
eggs in regard to certain physical char- 
acteristics and reproductive potentiali- 
ties. In addition, the successful hatching 
of two viable chicks from a double- 
yolked egg is reported. 

Incubation of Double-Yolked Eggs 

Eggs produced by 421 pullets for the 
first seven weeks were incubated. Breeds 
represented were the Single Comb White 
Leghorn, New Hampshire and White 
Plymouth Rock with a portion of the 
White Plymouth Rock population mated 
to New Hampshire males. Of 7552 eggs 


*University of Massachusetts, Amherst, Massachusetts. 
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set, 208 or 2.8 percent, had double yolks. 
Table I indicates that double-yolked 
eggs are, as a group, apt to be highly 
infertile in comparison to single-yolked 
eggs. All eggs were candled on the sev- 
enth day of incubation, and the discarded 
eggs broken out to establish fertility or 
infertility. Embryos dying during the 
first seven days were classified as early 
deads, and it was found that 64.1 percent 
of the fertile double yolks fell in this 
category, or four times as many as oc- 
curred among fertile single-yolked eggs. 
In both populations the incidence of em- 
bryonic death in the middle period (8 to 
13 days) was higher than that normally 
encountered. It is believed that a respir- 
atory disorder in the pullets may pos- 
sibly have contributed to this, 


iS 


« 
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As might be expected, because of me- 
chanical difficulties associated with hateh- 
ing, mortality was high in the late stages 
among embryos in the double-yolked 
eggs. Of interest, however, is the fact 
that 31.6 percent of the embryos in 
double-yolked. ¢ developed up to 14 
days or beyond. Only two were observed 
to be pipped, and one of these produced 
two viable chicks. It was generally ob- 
served in the double-yolked eggs in 
which one member was either infertile or 
died early, that if the second member 
developed to full term it was apt to be 
larger than normal. In one extreme ex- 
ample an egg weighing &4 gm. on the 
22nd day of incubation contained a 65 
gm. dead embryo. 

In Table II the 208 double-yolked 
eggs are classified according to all possi- 
ble incubation types. When one member 
failed to develop and the other lived to 
the middle or late stage, it was impos- 
sible to determine whether the undevel- 
oped ovum was actually infertile or died 


No. 


( 
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TWIN CHICKS FROM A DOUBLE-YOLKED EGG 


Figure 27 


At the left is shown a crippled female and at the right an almost normal male 


days of age hatched from a double-yolked egg. 


at an early stage. Otherwise, classifica- 
tion was made with a high degree of 
accuracy. 

Of particular interest was the finding 
of one double-yolked egg with double 
pipping on the 22nd day of incubation. 
Slight pressure applied on the shell re- 
leased two lively chicks, which were im- 
mediately weighed and placed back in 
the incubator to dry off. The mother of 
these chicks was a dominant White 
Plymouth Rock (// ee S—), and the 
sire was a New Hampshire (1 ee ss). 


TABLE I. 


“Embryos dying: 
during first 
Set Infertile 7 days 
No. Ly, ~ No. —« t a 
1090 16.5 


97.5 


Egg type No, 


Single yolk 7344 751 10.2 


Double yolk 208 ine _ 56 ___ 26.9 


No LY No. % No. 


64.1 


The smaller of the two chicks weighed 
21 gm. and was found in the small end 
of the egg. This chick proved to be a 
female with buff-colored down and no 
black primary wing feathers. The larger 
chick, a male, with pure white down 
weighed 29 gm. and was found in the 
large end of the egg. The difference in 
sex eliminates the possibility of mono- 
vular twins. 

Claude (Ji ee Ss) turned out to be a 
vigorous fellow, even though his outer 
toes were crooked, but Maude (Ji ee s—) 


Summary of incubation data 


Embryos ‘dying ; 
14-22 day 
period 


Embryos dying 
in 8-13 day in 
period Chicks 


oe 
% 





335 $1 682 99 4516 68.5 
; 6.5 4.3 — 47 30.9 1 0.7 
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was handicapped by a deformed right 
leg. At 19 days of age (Figure 27) the 
chicks were weighed, killed and sex con- 
firmed. At that age Claude weighed a 
normal 156 gm., but his sister was sub- 
normal, weighing only 53 gm. 


Physical Characteristics of Double-Yolked 
Eggs 

Table III presents data that confirm the 
previous observations of Curtis? and Conrad 
and Warren? on weight and shape. In addi- 
tion, some information is listed on shell color, 
glossiness, spotting, and mottling. These traits 
were all measured by arbitrary standards, and 
in all cases the higher the numerical value, the 
darker the shell color, and the more extreme 
the spotting, mottling, or glossiness. On the 
average, single-yolked eggs were 67.5 percent 
as heavy as double-yolked eggs. The double- 
yolked eggs were markedly longer in width 
than the single-yolked eggs. Double-yolked 
eggs were significantly lighter in color than 
single-yolked eggs as indicated by a paired 
t-test analysis (P < 01). Single-yolked eggs 
tended to show more gloss and spotting and 
less mottling than double-yolked eggs, but the 
differences were not statistically significant. 
Shell mottling is defined in this report as ir- 
regular absorption of water by the shell as a 
result of evaporation from the egg. The degree 
of shell mottling was determined by candling. 


TABLE II. Szages of development reached in in- 


cubated double-yolked eggs 


Stages of development reached 
Double infertile 
One infertile; one 
Double 
One infertile 
One infertile or early 
One infertile or 
Double middle 
One middle dead; 
One middle 
Double late dead 
One late dead, one hatched 
ched (with help) 


early dead 
early dead 

r early dead 

dead; on 

early dead; one hatches 
dead 

one late d 


dead; one hatchec 


TABLE IV. Incidence 


No, 0 No 
Daughters olked Yolke 


Double 


1 Eges 


oN > 


—anere 


‘ 
) 


10 


nm 


Total 


Heterogeneity X? 44.65, P « 
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Is There a Hereditary Basis for the 
Production of Double-Yolked Eggs? 


Curtis® was not able to find “habitual” pro- 
ducers of double-yolked eggs and stated fur- 
ther that in the population studied 80 percent 
of the birds never laid a double-yolked egg. 
For purposes of analysis ten sire families of 
inbred White Plymouth Rocks were available 
in which the percentage of double-yolked eggs 
was calculated for each bird during the pro- 
duction period of the first ten eggs. Table I[V 
lists sire families ranging in incidence from 
0.0 to 11.4 percent. The number of days re- 
quired to lay ten eggs did not appear to be 
associated with the tendency to produce double 
yolked eggs. 

The data in Table IV were submitted to a 
chi-square test of heterogeneity to determine 
whether the distribution of double-yolked eggs 
varied significantly among the ten sire families 
studied. This test of heterogeneity indicated 
that the incidence of the double-yolked condi- 
tion was significantly associated with sire 
families and would allow some justification for 
the asumption of a heritable basis for the 
tendency. However, it is only fair to indicate 
that the magnitude of the heterogeneity chi- 
square value was largely attributable to the 
high incidence of double-yolked eggs produced 
by the daughters of sire 1. Additional evidence 
will be necessary in order to establish definitely 
the genetic basis for this interesting reproduc 
tive anomaly. 

TABLE 


III. Comparison of 42 double-yolked and 


84 single-yolked eggs* 

Double-Yolked Fggs  Single-Yolked Fggs 
70.6 47.6 
6.37 $.27 
4.43 4.04 
9.5 77.2 

1.79 a2 

$§ 77 

> 38 2K 


45 TA 


eggs sire families 


Percent’ Double 
Yolked 


Fotal No 

Eges Fees 
140 
370 
240 
410 
70 
RO 
130 
170 
110 
60 


1780 
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Summary 


A description of two viable chicks hatching 
from a double-yolked egg is given. The fact 
that one chick was a male and the other a 
female is proof that the chicks were not mono- 
vular twins. Both chicks were alive at 19 
days of age when sacrificed. Exterior traits as 
well as stages of development reached in in- 
cubated double-yolked and single-yolked eggs 
are compared. There is some indication that 
the tendency to produce double-yolked eggs 
might be hereditary. 


(Received June 18, 


The Journal of Heredity 


Literature Cited 


1. Bernarp, C. Compt. Rend. Soc. Biol. 
1:9-10. 1850. 

2. Conran, R. M. and D. C. Warren. The 
production of double-yolked eggs in the fowl. 
Poul. Sci. 19:9-17, 1940. 

3. Curtis, MAYNIE R. Studies in the physi- 
ology of reproduction in the domestic fowl. 
VI. Double and triple yolked eggs. Biol. Bull. 
26 :55-83. 1914. 

4. Natpanpov, A. A case of viable twin 
chicks. Jour. Hered. 33:53-54. 1942. 


1953) 


Now You Know 


HAT is dialectical materialism, the 

method of argument so dear to the 
Communist heart? The anti-Communist maga- 
zine Tarantel in Berlin gave the answer in the 
form of an anecdote. 

A priest, it seems, was explaining the mat- 
ter to his parishioners. “Suppose,” he said, 
“a clean man and a dirty man were each of- 
fered a bath. Which do you think would take 
it?” 

“The dirty one,” answered his flock at once. 

“Oh no,” said the priest. “The clean one took 
the bath, because he was used to being clean 
and the other used to being dirty. Now do 
you understand dialectical materialism?” 

The parishioners shook their heads. 
priest repeated his proposition once 
“Now, who took the bath?” 

“The clean one,” answered his flock. 

“Oh no,” said the priest. “The dirty one, 
because he needed it.” 

Once more the congregation shook their 
heads in bewilderment and mounting annoy- 
ance. 


The 


more. 


“Well,” said tne priest once again. “A clean 
man and a dirty man were each offered a bath. 
Now, which would take it?” “Ah,” answered 
his flock with sudden inspiration, “both.” “No, 
no,” said the priest, “neither would take it, 
because the one was already clean and the 
other preferred his dirt. Now, for the last 
time, which man would take the bath?” “Neith- 
er,” answered his congregation as one man. 

“You are wrong again,” said the priest. 
“Both would take the bath, because the clean 
man liked to bathe and the dirty one needed 
to. Now do you understand dialectical mater- 
ialism?” 

“How can we understand when you give us 
a different answer every time?” cried an in- 
dignant student. “Ah,” said the priest, “that 
is dialectical materialism.” 
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THE PROBABILITY OF HOMOZYGOSITY 


In Certain Situations Often Encountered in Animal Breeding 


S. BERGE 
Agricultural College of Norway, Vollebekk, Norway 


N animal breeding we are often con- 
fronted with the problem of ascer- 
taining whether an animal, usually 

a male, is a carrier of a certain recessive 
gene. 

A progeny test affords the only meth- 
od of examination. 

The probability of producing a homo- 
zygous recessive offspring is often con- 
fused with the probability of progeny 
showing only the dominant phenotype 
in the special case of the animal being a 
carrier and the matings arranged for the 
possibility of recessive offspring. 

The two probabilities are not equal. 


For a discussion of this problem see 


Berge.')?) The probability of recessive 
homozygosity is dependent a priori on 
the probability of an individual being a 
non-carrier, 

Then to get a correct numerical value 
of the probability of a non-carrier, we 
should know the type of mating, which 
gave rise to the animal under test. If 
we have no information on this point, 
the probability that the animal is a car- 
rier is given the general frequency of 
the gene in the population. But this is 
of little use, as the animal to be tested 
is supposed to be derived from parents, 
one of whom, at least was heterozygous 
(4A x Aa) or (Aa & Aa). 

The other types of mating are out of 
the question as dd & AA will produce 
no carriers and carriers are certain to 
result from all matings to aa making a 
test unnecessary. 

In researches concerning carriers of a 
certain recessive lethal in a Norwegian 
breed of cattle it was easy to place the 
bulls in one of two groups: either from 
AA & Aa or from Aa & Aa. 


The general formula for calculating the 


21 


probability of homozygosity (/’41) is conse 
quently : 
1 
Pas (1) 
1 + se (p)" 


Si 


where p is the probability of getting only 
dominants when the male is a carrier, n is the 
number of offspring of dominant type, se and 
sis the a priori probability of being a carrier 
and a non-carrier. 

The problem is more complicated than the 
usual formula of 1-p", which is a simplification 
A simplicity is often preferred, when the truth 
is complex, but the underlying truth should 
never be overlooked. 

When the tested animal is from a mating 
of Aa & Aa it is necessary to add more off 
spring to get the same probability as a non- 
carrier. The addition is dependent on the 
value of p. For the four most common values 
the addition of m is given. 

Value of p 1/2 3/4 

Addition of 1.00 241 


5/6 
3.80 


7/8 
5.19 


Practical Applications 


For all the mentioned the formulae 
given are valid for males from .1.4 & Aa 
mating. In case the animal is from da & 
Aa the additive value of n is given above. 


Cases 


Matings to the recessive type are the most 
effective method but are only possible when 
the recessive character is not lethal and does 
not affect the fertility of the animal. 

When we have observed n offspring of a 
dominant type the probability of its being a 
non-carrier is: 


1 
Pan 
1+ (1/2)" 


It does not make any difference if all the 
offspring are from the same recessive female 
or from various females. 

Matings to heterozygous females can be used 
when some females are proven to be hetero- 
zygotes by their recessive offspring. For 
lethal characters this mating is the most effec 
tive way to test whether or not a male is a 
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non-carrier. The formula is: 
1 
Pas = — - (3) 
1+-(34)” 

Also in this case it is of no significance 
whether the offspring are from a single female 
or from various females. 

Matings to daughters of heterozygotes can 
often be used. Usually it is known whether 
a male is heterozygous by his recessive off- 
spring. Matings to his daughters is a useful 
test even though it is complicated, since the 
male to be tested is heterozygous, half of the 
dams are homozygous and will not have any 
recessive offspring. The probability of a single 


° 1 + ( VY jm 
dam producing only dominants is -, 
? 


“ 


where m is the number of offspring from a 
single dam. Taking only a single offspring 
from each dam, the probability of its being a 
non-carrier is found from the formula, where 
n is the number of dams. 


(4) 


This method requires many more offspring 
than the former, and the numbers required 
are often not available. 

If each dam has many offspring as in the 
case of pigs and when 1 . n dams have 
m,.... ma, Offspring each, the probability of 
their being non-carriers is found by the fol- 
lowing formula: 


Pas = 
1 


—_——_——_—_—— (5) 
1+(34)™2.... 14+(34)™ 


14034) 1 
Hai wcactione 
2 2 2 


“ < 


As seen from the formula, if a single dam 
has an infinite number of offspring the prob- 
ability can not exceed 2/3. 

If each of the dams has the same number of 
offspring where m is the number of offspring 
from each dam and n is the number of dams, 
the formula is: 


1 
Pas = 


1+(34)"\" 
1+ - (6) 
? 


When m is as large as 15-20 the term 
(34)™ is negligible and the formula is conse- 
quently : 
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1 
Pas a (7) 
1+(%)" 


For small numbers of » this formula gives 
a probability which is too high, as some cases 
will be without any heterozygous dams and 
should be corrected by at least 1-(1%4)" 

Matings to full-sisters are not often possible, 
as the number of full-sisters is strictly limited. 
When the tested male is from A & Aa, the 
probability is the same as in the case of mat- 
ings to daughters of heterozygotes. When the 
tested male is from a mating of Aa & Aa, the 
number of heterozygous dams is double that 
of the homozygotes and this will influence the 
calculations. With a single offspring from 
each full-sister the probability calculated on 
n dams is: 


1 
rsa (8) 
14+2(5/6)" 
With more than a single offspring from 
each dam the formula is: 


Paa — 


1 


14-2034)" 142(34) "2... 14.2034)" 
? a = a ii ecie .— 


1+2 
3 3 3 
(9) 


The method is rather effective, when each 
dam has many offspring. 

Matings to paternal half-sisters can often 
be applied. When the male to be tested is 
probably fram 4492 X 4aé, half of his half- 
sisters are heterozygous and when he is from 
Aa X Aa, we can only count on cases where 
the dams are homozygous and then half of 
the half-sisters are heterozygous. In both 
cases we can use the same formulae as for 
matings to daughter of heterozygotes. In case 
the dams of the half-sisters are heterozygous, 
the matings can be treated as matings to full- 
sisters. 

Usually nothing is known about the geno- 
types of the dams of the half-sisters. Then it 
is safe to calculate as if they were 4/4. If 
some of them should be a the possibility of 
heterozygosity is greater, consequently the 
real probability of their being non-carriers 
is greater than the calculation would show. 

Matings to daughters is different from the 
other methods as two generations are neces- 
sary to complete the test and consequently if 
the male is a carrier two generations have to 
be eliminated from breeding. So the method 
is costly in time and expense. 


In providing the daughters it is of no sig- 
nificance whether they are from a single dam 
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or from various dams, but in matings to 
daughters the number of offspring from each 
daughter is important. The calculation of 
the probability of a non-carrier can be per- 
formed by exactly the same formulae as for 
matings to daughters of heterozygotes. 

Because the tested male will be rather old 
when the test is completed, this method is 
rather slow, when we are testing a special 
and well-known recessive factor; but the meth 
od has a great advantage, as the male is tested 
not only for a special factor, but for all the 
recessive genes in his genotype including mu 
tations. [| should think this was the reason 
why it was recommended by Wriedt®. 

Of the other methods only the matings to 
full-sisters and to half-sisters on the side of 
the male’s sire, have most of the same ad- 
vantages. 


The Efficiency of the Methods 


A probability of 100 percent can only be 
reached with an infinite number of offspring. 
We have to choose an arbitrary limit which 
is high enough for practical use. This limit 
will only give the average result, and an error 
is involved, which is rather large for the 
small numbers of n. 

It is sufficient to calculate the number of 


TABLE I. 


Number of offspring 


PAA 0.95 PAA 0.9974 
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offispring necessary for a probability of 0.95 
for practical use and for 0.9974 as the usual 
limit. We can use formula 10 and it is suff 
cient to asume that so is like s; as the neces 
sary correction is found in the section foilow 
ing formula 1, 

(10) 


-~log P 


log (1-P) 
log p 


The necessary number of n is given in Table 
I assuming that for p 7x, Wis the number of 
dams each of which has a single offspring. 
The difference in efficiency ts clearly dem 
onstrated in Table I. More than five times as 
many offspring are needed at p 7g as at 4% 
If the male is tested by different mating 
methods, the result can often be combined not 
by the averages, but by combining the 
values. If we have observed mm, offspring at 
p 7% and mw offspring at p 43, then all 
n-values can be combined to be used at the 
p-value of 7% by m + 2.152, where 2.15 is 
the inverse proportional of the corresponding 
logarithms of p. The conversion factor of 1 
for calculating all observations on the basis 
ot p 7% is given 
Values of p 
1/2 3/4 5/6 7/8 
Conversion factor of n 5.19 2.15 1.37 1.00 
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An Apparently Genetic Inhibition of Antennal Differentiation in the Aphid 
Pemphigus populi-transversus 


ROBERT R. SoOKAL* 


HILE investigating intraspecific varia- 

tion in the aphid Pemphigus populi- 
transversus! the author came across an appar- 
ent case of variable genetic penetrance which 
he deems worthy of note. 

These aphids inhabit galls on the petioles 
of cottonwood leaves during the spring and 
summer. Each gall contains a stem mother 
and alates, her parthenogenetic offspring, as 
well as nymphs, who are immature alates. 
These forms are diploid and the stem mothers 


are the offspring of the sexual forms, mating 
in late fall. Thus the alates within one gall 
are all identical twins and duplicate the stem 
mother’s genotype, although they differ from 
her in morphology. 

In the gall in question, all ten alates had the 
antennal segments reduced in number from the 
usual six. This reduction varied from complete 
loss of the flagellum (segments ITI-VI) to loss 
of one segment (V) only, with all possible 
intergrades. 


*Department of Entomology, University of Kansas, Lawrence. Contribution No. 850 from 
the Department of Entomology, University of Kansas, Lawrence. 
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Figure 28 illustrates various stages in this 
reduction. A normal antenna is shown in (4) 
for the purpose of comparison. In (B) seg- 
ments V and VI have not become differenti- 
ated. Specimen (C) shows an undifferentiated 
distal segment in place of IV, V,and VI, while 
in (JJ) such a segment is absent. Finally, in 
(/:) the entire flagellum is missing and the 
antenna is reduced to the non-functional scape 
(segments I and II). 

These reductions depict in reverse the proc- 
ess of differentiation of normal antennae as 
seen in the nymphs of this form. Thus the 
inhibiting agent must have acted on_ these 
alates at different times of determination of the 
antennae. Whether the inhibiting stimulus 
originated at one time only or over a period 
of time is of course hard to say. However, 
since in this viviparous species nymphs are 
born with four antennal segments, the time of 
action of the inhibitor must have been largely 
prenatal. 

This type of variable penetrance of a charac- 
ter has often been observed. For instance, the 
two thorough analyses by Wright?.3 on oto- 
cephaly and polydactyly in guinea pigs. In 
such studies the causes of the variation in pene- 
trance are usually classified as environmental 
and genetic, the latter referring to the genetic 
background against which the mutant gene 
performs. 

In this particular case, differences in genetic 
background are to all practical purposes ruled 
out since the alates are identical twins. Assum- 
ing that as many as 500 loci are capable of 
modifying performance of the inhibitor and 
that their average mutation rate was 10-6, 
the chances are only five in 10,000 that any one 
of these loci has mutated. Differences in pene- 
trance must therefore be due to environmental 
factors acting on the individual alates. 

It is futile to speculate on the genetic nature 
of the inhibitor on the basis of so limited a 
sample. It is interesting that the stem-mother 
did not show any reduction in antennal seg- 
ments, but stem-mothers have different types 
of antennae. If this is a deleterious mutation, 
it would be most likely to be found in’ the 
galls before natural selection would have an 
opportunity to act on it, Le. during the flight of 
alates to their secondary host plants. at which 
time these insects presumably make use of 
their highly sensory antennae. The possibility 
of the phenomenon being caused by an environ- 
mental agent cannot be entirely excluded al- 
though many galls collected close to this one 
on the same tree showed no aberration what- 
soever. 

Since the amount of antennal reduction was 
not always the same on the two sides of any 
one animal, it was possible to partition the 
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STAGES OF ANTENNAL RIDCCT ON 
Figure 28 


Shows different stages of antennal re- 
For explanation see 


A-E 
duction in Pemphigus. 
text. 


variation in antennal differentiation into that 
part specific to one side and another part af- 
fecting the entire individual. An analysis of 
variance showed the presence of 67.3 percent 
variation between individuals, while there was 
32.7 percent variation between the two sides 
of an individual. (Analysis of variance F = 
5.110; significant at P < .01). In an analysis 
of polydactyly in the guinea pig? the relations 
were reversed and the variation specific to 
each foot was nearly twice as large as that 
assigned to individuals. There is thus a good 
deal less regional autonomy in the development 
of Pemphigus antennae than in the develop- 
ment of guinea pig feet. The correlation be- 
tween left and right antennal segment number 
isr = +.726 (P < .05) very close to Wright's 
correlations coefficients of +.78 and +.73 for 
toe number in right and left hind feet in his 
two stocks. Not too much reliance can be 
placed on the aphid data in view of the small 
sample on which they are based. 
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LEAFLETS TO 
DEMONSTRATE 


HEREDITY 


Last year the “Taster test” served as an 
introduction to human genetic differences in 
many classrooms. The test is so easily made 
with the treated paper, and arouses such 

oe great interest that it appears to have a definite 
_ place in group demonstrations of such differ. 
These leaflets, size 33g” by 54%”, are 


available in quantities for those who wish to use them for classroom or lecture 
purposes. On the back is printed an outline 4-generation pedigree chart. 
Sample on request. Prices: 10 for 25c; 50 for $1.00. 
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1507 M street. N. W. 


Wasuinctown 5. D. C. 
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FOOTNOTES 


Fundamental Concepts 

of Genetics 
Dr. E. B. Babcock reviews the seven high- 
lights of the first half-century since Men- 
del’s paper was rediscovered. The bibliogra- 
phy includes the contributions of over a 


hundred geneticists. 
—60c per copy; $4.80 per doz. 


Mendel Issue— 
Journal of Heredity 

This issue contains a facsimile reproduction 
of Mendel’s “Experiments in Plant Hybrid 
ization” exactly as it appeared in the Ver- 
handlungen Naturforschender Verein in 
Brunn, Vol. 4, pp. 3-47. 

—50c per copy 


Meiosis in Maize 
Charts and photographs illustrating the dif- 
ferent stages of meiosis. 12 pp. 
—20c ea.; $1.25 per dozen 
Order from: 
AMERICAN GENETIC ASSOCIATION 
1507 M Sr., N.W., Wasnincton 5, D. C 


























PROCEEDINGS 
of the 
AMERICAN BREEDERS 
ASSOCIATION 


Vol. I (1904) to combined Vol. 7 & 8 
(1911-12) 


Each volume in original binding of 
green cloth. Many of the articles are 
reports of original research made soon 
after the rediscovery of Mendel’s laws. 
For reference purposes they have a 
growing histcrical interest, and the 
earlier volumes are very hard to obtain. 
A few complete sets are still available 
at $35.00 per set of 7 volumes. Separate 
copies of Volumes 4-8 also for sale— 
$4.00 per volume. 
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The American Genetic Association 


An incorporated organization devoted to promoting a knowledge 
of the laws of heredity and their application to the improvement of 
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